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MAGNETIC ROTATIONAL POSITION SENSOR 

BACKGROUND OF THE INVENTION 
The present invention generally relates to the field of rotational position sensors, 

S and more specifically to a magnetic rotational position sensor for sensing each rotational 
position of a control shaft about a rotational axis over a definable range of rotation. 

Electronic fuel injected engines used in motor vehicles typically embody a 
microprocessor based control system. Fuel is metered or injector activation time is varied 
in accordance with various engine parameters including the regulation of air flow into the 

to engine via a rotational position of a throttle diaphragm relative to a closed position of the 
throttle diaphragm. Typically, a shaft is adjoined to the throttle diaphragm to 
synchronously rotate the throttle diaphragm as the shaft is rotated between the closed 
position and a maximal open position of the throttle diaphragm. Rotational position 
sensors are adjoined to or adjacent the shaft to sense each rotational position of the shaft, 

is i.e. each degree of rotation of the shaft relative to the closed position, thereby sensing the 
rotational position of the throttle diaphragm relative to the closed position. 

One of the problems associated with prior contact rotational position sensors that 
incorporate a contact element, eg. a contact potentiometer, is the wear and tear 
experienced by the contact element that reduces the useable life of the contact rotational 

20 position sensor. One of the problems associated with prior magnetic rotational position 
sensors is magnetic hysteresis. Magnetic hysteresis causes an offset error signal to be 
generated whenever a magnet of the sensor is advanced from and returned to a reference 
position of the magnet, or whenever a magnetizable component of the sensor, e.g. a 
magnetizable pole piece, is advanced from or toward the magnet of the sensor. 

I 
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Annealing the magnet can minimize, but never eliminate, magnetic hysteresis. What is 
therefore needed is a novel and unique magnetic rotational position sensor that neither 
incorporates a contact element nor experiences magnetic hysteresis. 
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SUMMARY OF THE INVENTION 

The present invention is a magnetic rotational position sensor for sensing each 
degree of rotation of a control shaft about a first rotational axis over a definable range of 
rotation. The present invention overcomes the aforementioned drawbacks associated 

S with prior contact rotational position sensors and prior magnetic rotational position 
sensors. Various aspects of the present invention are novel, non-obvious, and provide 
various advantages. While the actual nature of the present invention described in detail 
herein can only be determined with reference to the claims appended hereto, certain 
features which are characteristic of the present invention disclosed herein can be 

10 described briefly. 

Each embodiment of a magnetic rotational position sensor in accordance with the 
present invention comprises a loop pole piece, one or more magnets, and one or more 
magnetic flux sensitive transducers. The loop pole piece includes a plurality of pole 
pieces serially adjoined in a closed configuration to define an air gap area* One or more 

15 pole pieces of the loop pole piece has an inner surface radially extending from a second 
rotational axis. Each magnet has a north pole surface and a south pole surface to generate 
magnetic flux. 

A magnet is disposed within the air gap area of the loop pole piece with each pole 
surface of the magnet facing either the inner surface of a pole piece of the loop pole piece 
20 or a pole surface of another magnet disposed within the air gap area to enclose the 
magnetic flux from the magnet(s) within the loop pole piece to thereby establish a 
magnetic field throughout the air gap area. The loop pole piece and the raagnet(s) are 
adjoined to the control shaft to synchronously rotate about the second rotational axis over 
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the definable range of rotation as the control shaft is rotated about the first rotational axis 
over the definable range of rotation. Thus t each degree of rotation of the control shaft 
about the first rotational axis over the definable range of rotation exclusively corresponds 
to a distinct degree of synchronized rotation of the magnetic field about the second 

5 rotational axis over the definable range of rotation. 

In a first aspect of the present invention, a pole surface of a magnet disposed 
within the air gap area spatially faces an inner surface of a pole piece of the loop pole 
piece to define a working air gap area therebetween. The pole surface of the magnet, and 
the inner surface of the pole piece are contoured to arcuately configure the working air 

to gap area. In a second aspect of the present invention, a pole surface of a first magnet 
disposed within the air gap area spatially faces a pole surface of a second magnet 
disposed within the air gap area to define a working air gap area therebetween. The pole 
surface of the first magnet, and the pole surface of the second magnet are contoured to 
arcuately configure the working air gap area. 

15 Each magnetic flux sensitive transducer is operable to sense a magnetic flux 

density of any magnetic flux passing through the magnetic flux sensitive transducer. A 
magnetic flux sensitive transducer is disposed within each working air gap area. The 
arcuate configuration of the working air gap area enables the magnetic flux sensitive 
transducer to be operable to sense a different magnitude of magnetic flux density for each 

20 degree of synchronously rotation of the control shaft and the magnetic field over a 
definable range of rotation. 

It is a primary object of the present invention io sense each rotational position of 
the control shaft about the rotational axis over the definable range of rotation without 
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experiencing magnetic hysteresis by synchronously rotating the loop pole piece, and the 
magnet(s) about the second rotational axis as the control shaft rotates about the first 
rotational axis. 

Further objects, features, and advantages of the present invention shall become 
5 apparent from the detailed drawings and descriptions provided herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-IC are views of one embodiment of a magnetic rotational position 
sensor in accordance with die proem invention* 

FIGS. 2A-2B are views of an exemplary adjoining of the magnetic rotational 
5 position sensor of FIGS. 1 A-1C to a cylindrical control shaft. 

FIGS. 3A-3C are diagrammatic illustrations of a magnet and a loop pole piece of 
the magnetic rotational position sensor of FIGS. 1A-IC as well as the cylindrical control 
shaft of FIGS. 2A-2B synchronously rotating about a pair of coinciding rotational axes. 

FIG, 3D is a graph depicting exemplary waveforms of a first voltage sensing 
10 signal and of a second voltage sensing signal of a Hall effect device of the magnetic 
rotational position sensor of FIGS. 1 A-1C. 

FIGS* 4A-4C are views of a first modified embodiment of the magnetic rotational 
position sensor of FIGS. 1A-1C 

FIGS. SA-SC are views of a second modified embodiment of the magnetic 
15 rotational position sensor of FIGS. 1 A-1C. 

FIGS. 6A-6C are views of a first alternative embodiment of the magnetic 
rotational position sensor of FIGS, 1A»1C. 

FIGS. 7A-7C are views of a second alternative embodiment of the magnetic 
rotational position sensor of FIGS. 1A-1G 
20 FIGS. 8A-8C are views of a third alternative embodiment of the magnetic 

rotational position sensor of FIGS. 1A-1C 
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FIGS. 9A-9C are views of a fourth alternative embodiment of the magnetic 
rotational position sensor of FIGS. 1A-1C. 

FIGS. 10A-10C are views of a fifth alternative embodiment of the magnetic 
rotational position sensor of FIGS* 1A*1C. 
5 FIGS. 1 1 A-l 1C are views of a sixth alternative embodiment of the magnetic 

rotational position sensor of FIGS. 1 A-1C. 

FIGS. 12A-12C are views of a seventh alternative embodiment of the magnetic 
rotational position sensor of FIGS. 1A-1C. 

FIGS. 13A-13C are views of an eighth alternative embodiment of the magnetic 
10 rotational position sensor of FIGS. 1 A-Id 

FIGS. 14A-14C are views of another embodiment of a magnetic rotational 
position sensor in accordance with the present invention. 

FIGS. 15A-15B are views of an exemplary adjoining of the magnetic rotational 
position sensor of FIGS. 14A-14C to a cylindrical control shaft. 
15 FIGS. 16A- 16C are diagrammatic illustrations of a magnet and a loop pole piece 

of the magnetic rotational position sensor of FIGS. 14A-14C as well as the cylindrical 
control shaft of FIGS. 15A-15B synchronously rotating about a pair of coinciding 
rotational axes. 

FIG* 16D is a graph depicting exemplary waveforms of a fust voltage sensing 
20 signal and of a second voltage sensing signal of a Hall effect device of the magnetic 
rotational position sensor of FIGS. 14A-14C. 

FIGS. 17A-17C are views of a first modified embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 
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FIGS. 18A-18C are views of a second modified embodiment of the magnetic 
rotational position sensor of FIGS* 14A-14C. 

FIGS. 19A-19C are views of a first alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A*14C 
5 FIGS. 20A~20C arc views of a second alternative embodiment of the magnetic 

rotational position sensor of FIGS. 14A-14C. 

FIGS. 2IA-21C are views of a third alternative embodiment of the magnetic 
rotational position sensor of FIGS* 14A-14C. 

FIGS. 22A-22C are views of a fourth alternative embodiment of the magnetic 
10 rotational position sensor of FIGS* 14A-14C 

FIGS, 23A-23C are views of a fifth alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 

FIGS. 24 A-24C are views of a sixth alternative embodiment of the magnetic 
rotational position sensor of FIGS. 14A-14C. 
IS FIGS. 25A-25C are views of another embodiment of a magnetic rotational 

position sensor in accordance with the present invention. 

FIGS. 26A-26B are views of an exemplary adjoining of the magnetic rotational 
position sensor of FIGS. 25A-25C to a cylindrical control shaft 

FIGS. 27A-27C are diagrammatic illustrations of a magnet and a loop pole piece 
20 of the magnetic rotational position sensor of FIGS. 25 A-25C as well as the cylindrical 
control shaft of FIGS. 26A-26B synchronously rotating about a pair of coinciding 
rotational axes. 
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FIG. 27D is a graph depicting exemplary waveforms of a first voltage sensing 
signal and a waveform of a second voltage sensing signal of a Hall effect device of the 
magnetic rotational position sensor of FIGS. 25A-25C. 

FIGS. 28A-28C axe views of a first alternative embodiment of the magnetic 
5 rotational position sensor of HQS. 25A-23C 

FIGS. 29A-29C are views of a second alternative embodiment of the magnetic 
rotational position sensor of FIGS. 25A-25G 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For the purposes of promoting an understanding of the principles of the present 
invention, reference will now be made to the preferred embodiments of the present 
invention as illustrated in the drawings and specific language will be used to describe the 

S same. It will nevertheless be understood that no limitation of the scope of the present 
invention is thereby intended. Any alterations and further modifications in the illustrated 
embodiments, and any further applications of the principles of the present invention as 
illustrated herein are contemplated as would normally occur to one skilled in the an to 
which the present invention relates. 

10 The present invention is a series of novel and unique magnetic rotational position 

sensors for sensing each degree of rotation of a control shaft about a rotational axis over a 
definable range of rotation without experiencing magnetic hysteresis. For purposes of the 
present invention, a control shaft is broadly defined as an article of manufacture or a 
combination of manufactured articles for controlling, directly or indirectly, any rotational 

15 movement, any linear movement, and/or any angular movement of an object, 

e.g. a throttle diaphragm, a foot pedal, a piston, etc.. as the control shaft is rotated about a 
rotational axis, e.g. a longitudinal axis of the control shaft The present invention 
contemplates that a control shaft may be magnetic or magnetizable* Hie present 
invention further contemplates that a control shaft can have any geometric configuration 

20 and any physical dimensions. 

Each embodiment of a magnetic rotational position sensor in accordance with the 
present invention comprises a loop pole piece, one or more magnets, and one or more 
magnetic flux sensitive transducers. An embodiment of a magnetic rotational position 
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sensor in accordance with the present invention can further include one or more auxiliary 
pole pieces. 

For purposes of the present invention, a pole piece is broadly defined as an article 
of manufacture or a combination of manufactured articles for conducting magnetic flux, 

5 and a loop pole piece is defined as a plurality of pole pieces serially adjoined in a closed 
configuration to define an air gap area. Also for purposes of the present invention, a 
serial adjoining of the plurality of pole pieces is broadly defined as a unitary fabrication, 
a permanent affixation, a detachable coupling, an engagement, and/or a contiguous 
disposal of each pole piece in a serial arrangement by any manufacturing method. The 

10 present invention also contemplates that a pole piece can be made from any 

ferromagnetic material or any combination of ferromagnetic materials. The present 
invention further contemplates that a pole piece can have any geometric configuration 
and any physical dimensions. Consequently, any preferential reference to a particular 
type of adjoining of the plurality of pole pieces of an illustrated loop pole piece herein, 

15 any preferential reference to a particular ferromagnetic material or combination of 
ferromagnetic materials for an illustrated pole piece herein, and any reference to a 
particular geometric configuration and/or physical dimensions of an illustrated pole piece 
herein are given solely for purposes of describing the best mode of the present invention 
and are not meant to be limiting in any way. 

20 For purposes of the present invention, a magnet is broadly defined as an article of 

manufacture or a combination of manufactured articles having a north pole surface and a 
south pole surface for generating magnetic flux. Accordingly, the present invention 
contemplates lhat a magnet can be made from any magnetic material or any combination 
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of magnetic materials. The present invention further contemplates that a magnet can 
have any geometric configuration and any physical dimensions. Consequently, any 
preferential reference to a particular magnetic material or combination of magnetic 
materials for an illustrated magnet herein, and any reference to a particular geometric 

5 configuration and/or physical dimensions of an illustrated magnet herein is given solely 
for purposes of describing the best mode of the present invention and are not meant to be 
limiting in any Way. Each magnet illustrated herein is described as having magnetic flux 
rectilinearly magnetized within the magnet from one or more south pole surfaces to one 
or mote north pole surfaces prior to disposal of the magnet within a loop pole piece. 

to Such rectilinear magnetization of die magnetic flux facilitates a linear sensing of a 
rotational position of a control shaft and is illustrated solely for the purposes of 
describing the best mode of the present invention and is not meant to be limiting in any 
way. In addition, for each illustrated magnet herein, the present invention contemplates 
that the north pole surfaced) and the south pole surface(s) of an illustrated magnet can be 

IS interchanged. 

For purposes of the present invention, a magnetic flux sensitive transducer is 
broadly defined as an article of manufacture or a combination of articles operable to 
sense a magnetic flux density of any magnetic flux passing through the magnetic flux 
sensitive transducer, Lc. a Hall element, a magneto-resistive element, a coil, etc. 
20 Consequently, any preferential reference to a particular magnetic flux sensitive 

transducer as illustrated herein is given sotdy for purposes of describing the best mode of 
the present invention and is not meant to be limiting in any way. 
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For each embodiment of a magnetic rotational position sensor in accordance with 
the present invention, each magnet is disposed within an air gap area of a loop pole piece 
to enclose the magnetic flux from the magnet within the loop pole piece to thereby 
establish a magnetic field throughout the air gap area. Each magnet has a pole surface 
s spatially facing either an inner surface of the loop pole piece, a pole surface of another 
magnet, or a surface of an auxiliary pole piece disposed within the air gap area of the 
loop pole piece to define a working air gap area of the air gap area as subsequently 
described herein. The loop pole piece and the magnet(s) are adjoined to a control shaft to 
synchronously rotate about a second rotational axis as the control shaft is rotated about 

10 the first rotational axis over the definable range of rotation as subsequently described 
herein, and as a result, each degree of rotation of the control shaft about the first 
rotational axis exclusively corresponds to a distinct degree of synchronized rotation of the 
established magnetic field about the second rotational axis over the definable range of 
rotation. For purposes of the present invention, an adjoining of the loop pole piece and 

IS the magnet(s) to the control shaft is broadly defined as a unitary fabrication, a permanent 
affixation, a detachable coupling, an engagement, and/or a contiguous disposal of the 
loop pole piece and the magnet(s) to the control shaft by any manufacturing method. The 
present invention contemplates that the first rotational axis and the second rotational axis 
may or may not coincide. Consequently, any preferential reference to a type of adjoining 

20 of a loop pole piece and magnet or magnets to a control shaft as illustrated herein, and 
any preferential reference herein to an illustrated spatial positioning of the second 
rotational axis relative to the first rotational axis as illustrated herein are given solely for 
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purposes of the describing the best mode of the present invention and am not meant to be 
limiting in any way. 

Also, for each embodiment of a magnetic rotational position sensor in accordance 
with the present invention, each working air gap area is arcuately configured as 

5 subsequently described herein, and as a result, a magnetic flux sensitive transducer 
disposed within the arcuately configured working air gap area is operable to sense a 
different magnitude of magnetic flux density for each degree of synchronized rotation of 
the magnetic field(s) over the definable range of rotation, The present invention 
contemplates that a working air gap area may or may not have a circular arcuate 

10 configuration, and may or may not have a symmetrical arcuate configuration. The 
present invention further contemplates that a working air gap area having a circular 
arcuate configuration may or may not concentrically align with either the first rotational 
axis and/or the second rotational axis. Consequently, any reference to a particular arcuate 
configuration of an illustrated working air gap area herein, and any reference to a 

is particular alignment of a working air gap area relative to the first rotational axis and to 
the second rotational axis as illustrated herein are given solely for purposes of the 
describing the best mode of the present invention and are not meant to be limiting in any 
way* 

Preferred embodiments of the present invention as well as modified and 
20 alternative embodiments of the present invention will now be described herein. 

Referring to FIGS. 1A-1C, a magnetic rotational position sensor 10 is shown. 
Magnetic rotational position sensor 10 comprises a loop pole piece 1 1, a magnet 17, and 
a magnetic flux sensitive transducer in the preferable form of a Hall effect device 18. 

14 
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Loop pole piece 1 1 includes a circular arcuate pole piece 12, and a pole piece 13 having a 
rectangular prismatical pole segment 14, a circular arcuate pole segment 15, and a 
rectangular prismatical pole segment 16. Pole piece 12 and pole piece 13 are serially 
adjoined in a closed configuration to define an air gap area 11 a. Preferably, pole piece 12 
5 and pole piece 1 3 are unitarily fabricated from a ferromagnetic steel, eg. a low carbon 
steel Pole piece 12 and pole segment IS concentrically align with a rotational axis RA 
as best shown in FIG. 1C, and concave inner surface 12a of pole piece 12 and a convex 
inner surface 15a of pole segment IS are swept out by an outer end of a radius having its 
opposite end located on rotational axis RA and that extends cixcumferentially over 

10 approximately 190 degrees to facilitate a rotation of loop pole piece 1 1 about rotational 
axis RA over a definable range of rotation upward to 180 degrees. A concave outer 
surface 15b of pole segment IS facilitates an adjoining of Imp pole piece 1 1 to an outer 
surface of a cylindrical control shaft 1 as exemplary shown in FIGS. 2A and 2B. 

Still referring to FIGS. 1 A-1C, magnet 17 is a permanent magnet having a convex 

IS north pole surface 17a, a concave south pole surface 17b, a planar south pole surface 17c, 
and a planar south pole surface 17d to generate magnetic flux (not shown). Prior to an 
assembly of magnetic rotational position sensor 10, the magnetic flux within magnet 17 is 
rectilinearly magnetized from south pole surfaces 17b-17d to pole surface 17a as 
exemplary shown by the arrows in FIGS. 1 A and IB. Magnet 17 is disposed within air 

20 gap area 1 la of loop pole piece 1 1 with pole surface 17a facing inner surface 12a of pole 
piece 12, pole surface 17b adjacently facing inner surface ISa of arcuate pole segment 1 5, 
pole surface 17c adjacently facing a planar inner surface 14a of pole segment 14, and 
pole surface 17d adjacently facing a planar inner pole surface 16a of pole segment 16 to 
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enclose the magnetic flux from magnet 17 within loop pole piece 1 1, and as a result, a 
magnetic field is established throughout air gap area 1 la as exemplary shown in FIGS. 
3A-3C. Pole surface 17a of magnet 17 spatially faces inner surface 12a of pole piece 12 
to define a working air gap area 1 lb having a circular arcuate configuration 
5 therebetween. Alternatively, the present invention contemplates that pole surface 17b 
can spatially face inner surface ISa of pole segment 15, pole surface 17c can spatially 
face a planar inner surface 1 4a of pole segment 14, and/or pole surface 17d can spatially 
face a planar inner surface 16a of pole segment 16. 

SUU referring to FIGS. 1A-1C, Hall effect device 18 is disposed within working 

10 air gap area 1 lb. It is to be appreciated that Hall effect device 18 is operable to sense a 
magnetic flux density of any magnetic flux passing through Hall effect device 1 8 via a 
planar side surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect 
device 18 is further operable to generate a voltage sensing signal as a function of the 
magnetic flux density of any magnetic flux passing through side surface 18a and/or a 

IS voltage sensing signal as a function of the magnetic flux density of any magnetic flux 
passing through side surface 18b* 

Referring to FIGS* 2A and 2B, an exemplary adjoining of magnetic rotational 
position sensor 10 to a cylindrical control shaft 1 is shown. Magnetic rotational position 
sensor 10 is assembled as previously described in connection with FIGS. 1 A-1C and 

20 accompanying text within a container 2, and a lid 3 is adjoined to container 2 to house 
pole piece 1 1 and magnet 17 within container 2. Lid 3 has a slot 3a to enable the leads of 
Hall effect device 18 to extend out of lid 3. Container 2 and lid 3 are adjoined to an outer 
surface la of cylindrical control shaft 1 to adjoin loop pole piece 1 1 and magnet 17 to 

16 
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cylindrical control shaft 1 and to coincide rotational axis RA (FIO. 1C) whh a 
longitudinal axis LA of cylindrical control shaft 1. It is to be appreciated that loop pole 
piece 1 1 and magnet 17 will synchronously rotate about coinciding rotational axes 
LA/RA as cylindrical control shaft 1 is rotated about coinciding rotational axes LA/RA, 
5 and as a result, each degree of rotation of cylindrical control shaft 1 about coinciding 
rotational axes LA/RA exclusively corresponds to a distinct degree of synchronized 
rotation of the magnetic field (not shown) established throughout air gap area 1 la (FIGS. 
1 A and IB) about coinciding rotational axes LA/RA over a definable range of rotation 
upward to 180 degrees. 

10 Referring to FIGS. 3A-3C, diagrammatic illustrations of loop pole piece 1 1, 

magnet 17, and a magnetic field synchronously rotating with cylindrical control shaft 1 
(being non-magnetic and non-magnetizable) about coinciding rotational axes LA/RA 
over a definable range of rotation upward to 180 degrees is shown. To sense each degree 
of rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 

is definable range of rotation upward to 180 degrees, it is to be appreciated that the 

magnetic flux density of any magnetic flux passing through Hall effect device 18 via side 
surface 18a (FIG. 1 A) and side surface 18b (FIO, IB) must be different for each degree 
of synchronized rotation of the magnetic field about coinciding rotational axes LA/RA. 
As previously described herein, the magnetic flux within magnet 17 is rectilincarly 

20 magnetized from south pole surfaces 17b-17d (FIG, IB) to north pole surface 17a (FIG. 
1 A) prior to the assembly of magnetic rotational position sensor 10. Upon the disposal of 
magnet 17 within loop pole piece 1 1, the arcuate configuration of working air gap area 
1 lb realigns the magnetization of the magnetic flux within magnet 17 as exemplary 
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shown in FIGS. 3A-3C to facilitate a sensing of a different magnitude of magnetic flux 
density by Hall effect device 18 for each degree of synchronized rotation of the magnetic 
field about coinciding rotational axes LA/RA as evidenced by the positioning of Hall 
effect device 18 throughout working air gap area lib along an arc path API radially 
S extending from coinciding rotational axes LA/RA. The arcuate configuration of working 
air gap area 1 lb is circular to facilitate a symmetrical balancing of the magnetic flux of 
the magnetic field throughout working air gap area 1 lb as shown in FIGS. 3A-3C. Side 
surface 18a and side surface 18b of Hall effect device 18 are perpendicular to concave 
inner surface 12a (FIGS. 1 A and 16) of pole piece 12 and to north pole surface 17a (FIG. 

10 1 A) of magnet 17 as loop pole piece 1 1 and magnet 17 are synchronously rotated about 
coinciding rotational axes LA/RA to facilitate a uniform differential of the magnetic flux 
passing through Hall effect device 18 for each degree of synchronized rotation of control 
shaft 1 and the magnetic field about coinciding rotational axes LA/RA over a definable 
range of rotation upward to 180 degrees. Thus, it is to be appreciated that Hall effect 

is device 1 8 is operable to sense a different magnitude of magnetic flux density for each 
degree of synchronized rotation of control shaft 1 and the magnetic field about coinciding 
rotational axes LA/RA over a definable range of rotation upward to 180 degrees. It is to 
be further appreciated that, for each degree of synchronized rotation of control shaft 1 
and the magnetic field about coinciding rotational axes LA/RA over a definable range of 

20 rotation upward to 180 degrees. Hall effect device 18 is operable to generate a voltage 
sensing signal Vssi as a function of the magnetic flux density of the magnetic flux 
passing through side surface 18a as shown in FIG. 3D and/or a voltage sensing signal 
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Vss2 as a function of the magnetic flux density of the magnetic flux passing through side 
surface 18b as shown in FIG. 3D. 

Referring to FIGS. 4A-4C, a magnetic rotational position sensor 10" is shown. 
Magnetic rotational position sensor 10* comprises a loop pole piece 1 1' and a magnet 
s 17'. Loop pole piece 1 1 * includes a circular arcuate pole piece 12' . and a pole piece 13* 
having rectangular prismatieal pole segment 14, a circular arcuate pole segment 15', and 
rectangular prismatieal pole segment 16. Pole piece 12* and pole piece 13' are serially 
adjoined in a closed configuration to define an air gap area 11a'. Preferably, pole piece 
12' and pole piece 13' are unitarily fabricated from a ferromagnetic steel, e.g. a low 

10 carbon steel. Pole piece 12' and pole segment 15' concentrically align with rotational 
axis RA, and inner surface 12a' of pole piece 12' and an inner surface 13a' of pole 
segment 15' are swept out by the outer end of a radius having its opposite end located on 
rotational axis RA and that extends circumferendally over approximately 100 degrees to 
facilitate a rotation of loop pole piece i 1 ' about rotational axis RA over a definable range 

15 of rotation upward to ninety (90) degrees. A concave outer surface 1 5b' of pole segment 
15' facilitates an adjoining of loop pole piece 11' to an outer surface of a cylindrical 
control (not shown). 

Still referring to FIGS. 4A-4C, magnet 17' is a permanent magnet having a 
convex north pole surface 17a', a concave south pole surface 17b', a planar south pole 

20 surface 17c, and a planar south pole surface 17d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 10', the magnetic flux within 
magnet 17' is rectilinearly magnetized from south pole surfaces 17b'-17d to north pole 
surface 17a* as exemplary shown by the arrows in FIGS. 4A and 4B. Magnet 17* is 
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disposed within air gap area 1 la* with north pole surface 17a* facing inner surface 12a* 
of pole piece 12\ south pole surface 17b* adjacently facing inner surface 15a* of arcuate 
segment I5\ south pole surface 17c adjacently facing a planar inner surface 14a of pole 
segment 14, and south pole surface 17d adjacently facing a planar inner surface 16a of 
5 pole segment 16 to enclose the magnetic flux from magnet 17* within loop pole piece 
11 and as a result, a magnetic field is established throughout air gap area Ha\ Convex 
north pole surface 17a 9 of magnet I7 f spatially faces concave inner surface 12a' of pole 
piece 12* to define a working air gap area 1 lb' having a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that concave south pole 

10 surface 17b' can spatially face convex inner surface 15a* of circular arcuate pole 

segment 15\ planar south pole surface 17c can spatially face a planar inner surface 14a of 
pole segment 14, and/or planar south pole surface 17d can spatially face a planar surface 
16a of pole segment 16. 

Still referring to FIGS. 4A-4C, magnetic rotational position sensor 10* further 

15 comprises Hall effect device 18 as previously described in connection with FIGS. 1 A-1C 
and accompanying text. Hall effect device 18 is disposed within working air gap area 
1 lb\ It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axis RA over a definable range of rotation upward to 

20 ninety (90) degrees. It is to be further appreciated that, for each degree of synchronized 
rotation of the magnetic field about rotational axis RA of a definable range of rotation 
upward to ninety (90) degrees, Hall effect device 18 is operable to generate a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
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through planar side surface 18a, and/or a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18b. 

Referring to FIGS. 5A-SC, a magnetic rotational position sensor 10'* is shown. 
Magnetic rotational position sensor 10" comprises a loop pole piece 11", and a magnet 

5 17". Loop pole piece I!" includes a circular arcuate pole piece 12", and a pole piece 
13" having a rectangular prismatic al pole segment 14, a circular arcuate pole segment 
IS", and rectangular prismatical pole segment 16. Circular arcuate pole piece 12" and 
pole piece 13" are serially adjoined in a closed configuration to define an air gap area 
1 la". Preferably, circular arcuate pole piece 12" and pole piece 13" are unitarily 

10 fabricated from a ferromagnetic steel, e.g. alow carbon steel. Circular arcuate pole piece 
12' * and circular arcuate pole segment 15" concentrically align with rotational axis RA, 
and concave inner surface 12a" of pole piece 12" and a convex inner surface l5a"of 
circular arcuate pole segment 15" are swept out by the outer end of a radius having its 
opposite end located on rotational axis RA and that extends circumfeientially over 

IS approximately 280 degrees to facilitate a rotation of loop pole piece 11" about rotational 
axis RA over a definable range of rotation upward to 270 degrees. A concave outer 
surface 15b" of circular arcuate pole segment 15" facilitates an adjoining of loop pole 
piece 1 1" to an outer surface of a cylindrical control shaft (not shown). 

Still referring to FIGS. 5A-5C, magnet 17" is a permanent magnet having a 

20 convex north pole surface 17a", a concave south pole surface 17b", a planar south pole 
surface 17c, and a planar south pole surface 17d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 10' *, the magnetic flux within 
magnet 17" is recti linearly magnetized from south pole surfaces 17b"-17d to convex 
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north pole surface I7a" as exemplary shown by the arrows in FIOS. 5A and SB. Magnet 
17" is disposed within air gap area 1 la" with convex north pole surface 17a" racing 
concave inner surface 12a" of pole piece 12". concave south pole surface 17b" 
adjacently facing convex inner surface 15a" of circular arcuate segment IS", planar 
5 south pole surface 17c adjacently facing a planar inner surface 1 4a of pole segment 14, 
and planar south pole surface 17d adjacently facing a planar inner surface 16a of pole 
segment 16 to enclose the magnetic flux from magnet 17" within loop pole piece 11", 
and as a result, a magnetic field is established throughout air gap area 1 la". Convex 
north pole surface 17a" of magnet 17" spatially faces concave inner surface 12a" of 

10 pole piece 12" to define a working air gap area lib" having a circular arcuate 
configuration therebetween. Alternatively, die present invention contemplates that 
concave south pole surface 17b' can spatially face convex inner surface 15a" of circular 
arcuate pole segment 15", planar south pole surface 17c can spatially face a planar inner 
surface 14a of pole segment 14, and/or planar south pole surface 17d can spatially face a 

IS planar inner surface 16a of pole segment 16. 

Still referring to FIGS. 5A-5C, magnetic rotational position sensor 10" further 
comprises Hall effect device 18 as previously described in connection with FIGS. IA-1C 
and accompanying text. Hall effect device 18 is disposed within working air gap area 
1 lb". It is to be appreciated that Hall effect device 18 is operable to sense a different 

20 magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axis RA over a definable range of rotation upward to 270 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 
the magnetic field about rotational axis RA of a definable range of rotation upward to 270 
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degrees. Hall effect device 18 is operable to generate a voltage sensing signal as a 
function of the magnetic flux density of the magnetic flux passing through planar side 
' surface 18a, and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18b. 
5 Referring to FIGS. 6A-6C, a magnetic rotational position sensor 1 10 is shown. 

Magnetic rotational position sensor 1 10 comprises loop pole piece 1 1 as previously 
described herein in connection with FIGS. 1 A-1C and accompanying text. Magnetic 
rotational position sensor 1 10 further comprises a magnet 1 17. Magnet 1 17 is a 
permanent magnet having a convex north pole surface 1 17a, a concave south pole surface 

10 1 17b, a planar south pole surface 117c, and a planar south pole surface 1 17d to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
1 10, the magnetic flux within magnet 1 17 is rectihnearly magnetized from south pole 
surfaces 1 17b-1 17d to convex north pole surface 1 17a as exemplary shown by the arrows 
in FIGS. 6A and 6B. Magnet 1 17 is disposed within air gap area 1 la with convex north 

15 pole surface 1 17a adjacently facing concave inner surface 12a of pole piece 12, concave 
south pole surface 1 17b facing convex inner surface 15a of circular arcuate segment 15, 
planar south pole surface 1 17c adjacently facing a planar inner surface 14a of pole 
segment 14, and planar south pole surface 1 17d adjacently facing a planar inner surface 
16a of pole segment 16 to enclose the magnetic flux from magnet 1 17 within loop pole 

20 piece 11, and as aresult, a magnetic field is established throughout air gap area 11a. 
Concave south pole surface U7b spatially faces convex inner surface 15a of circular 
arcuate segment 15 to define a working air gap area He having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that 
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convex north pole surface 1 17a can spatially face concave inner surface 12a of pole piece 
12, planar south pole surface 1 17c can spatially face a planar inner surface 14a of pole 
segment 14, and/or planar south pole surface 1 17d can spatially face a planar inner 
surface 16a of pole segment 16. 

s Still referring to FIGS, 6A-6C, magnetic rotational position sensor 1 10 further 

comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1A-1C and accompanying text Hall effect device 18 is disposed within working air gap 
area 1 lc. It is to be appreciated that Hall effect device 1 8 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 

10 magnetic field about rotational axis RA over a definable range of rotation upward to 1 80 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 
the magnetic field about rotational axis RA of a definable range of rotation upward to 180 
degrees. Hall effect device 18 is operable to generate a voltage sensing signal as a 
function of the magnetic flux density of the magnetic flux passing through planar side 

IS surface 18a. and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18b. 

Referring to FIGS. 7 A-7C, a magnetic rotational position sensor 210 is shown. 
Magnetic rotational position-sensor 210 comprises loop pole piece 11 and magnet 17 as 
previously described herein in connection with FIGS. 1 A-1C and accompanying text. 

20 Magnetic rotational position sensor 210 further comprises magnet 1 17 as previously 
described herein in connection with FIGS* 6A-6C and accompanying text* Magnet 17 
and magnet 11 7 are disposed within air gap area 1 la with convex north pole surface 17a 
facing concave south pole surface 1 17b. concave south pole surface 17b adjacently facing 
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convex inner surface ISa of circular arcuate segment 15, planar south pole surface 17c 
adjacently facing a planar inner surface 14a of pole segment 14, planar south pole surface 
17d adjacently facing a planar inner surface 16a of pole segment 16, convex north pole 
surface 1 17a adjacently facing concave inner surface 12a of pole piece 12, planar south 

5 pole surface 1 1 7c adjacently facing a planar inner surface 14a of pole segment 14, and 
planar south pole surface 1 17d adjacently facing a planar inner surface 16a of pole 
segment 16 to enclose the magnetic flux from magnet 17 and die magnetic flux from 
magnet 1 17 within loop pole piece 1 1, and as a result, a magnetic field is established 
throughout air gap area 1 la. Convex north pole surface 17a spatialy faces concave south 

10 pole surface 1 17b to define a working air gap area 1 Id having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that 
concave south pole surface 1 7b can spatially face convex inner surface 15a of circular 
arcuate pole segment 15, planar south pole surface 17c can spatially face a planar inner 
surface 14a of pole segment 14, planar south pole surface 17d can spatially face a planar 

15 inner surface 16a of pole segment 16, convex north pole surface 1 17a can spatially face 
concave inner surface 12a of pole piece 12. planar south pole surface 117c can spatially 
face a planar inner surface 14a of pole segment 14, and/or planar south pole surface 1 17d 
can spatially face a planar inner surface 16a of pole segment 16. 

Still referring to FIGS. 7A-7C, magnetic rotational position sensor 210 further 

20 comprises Hall effect device 18 as previously described in connection with FIGS. 1A-1C 
and accompanying text. Hall effect device 18 is disposed within working air gap area 
lid. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 

25 


Page 27 of 71 

magnetic field about rotational axis over a definable range of rotation upward to 180 
degrees. It is to be further appreciated that, for each degree of synchronised rotation of 
the magnetic field about rotational axis RA of a definable range of rotation upward to 180 
degrees, Hall effect device 18 is operable to generate a voltage sensing signal as a 
5 function of the magnetic flux density of the magnetic flux passing through planar side 
surface 1 8a, and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18b. 

Referring to FIGS, 8A-8C, a magnetic rotational position sensor 310 is shown. 
Magnetic rotational position sensor 310 comprises loop pole piece 1 1 as previously 

to described herein in connection with FIGS. I A-1C and accompanying text. Magnetic 
rotational position sensor 310 further comprises a magnet 217. Magnet 217 is a 
permanent magnet having a convex north pole surface 217a, a concave south pole surface 
2 17b, a planar south pole surface 217c, and a planar south pole surface 217d to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 

IS 310, the magnetic flux within magnet 217 is rectilinearly magnetized from south pole 
surfaces 217b~217d to convex north pole surface 217a as exemplary shown by the arrows 
in FIGS. 8A and 8B. Magnet 217 is disposed within air gap area 1 la with convex north 
pole surface 217a facing concave inner surface 12a of pole piece 12, concave south pole 
surface 2 17b facing convex inner surface 15a of circular arcuate segment 15, planar south 

20 pole surface 1 17c adjacently facing a planar inner surface 14a of pole segment 14, and 
planar south pole surface 1 17d adjacently facing a planar inner surface 16a of pole 
segment 16 to enclose the magnetic flux from magnet 217 within loop pole piece 11, and 
as a result, a magnetic field is established throughout air gap area 1 la. Convex north pole 
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surface 217a spatially faces concave inner surface 12a of pole piece 12 to define a 
working air gap area 1 le having a circular arcuate configuration therebetween, and 
concave south pole surface 217b spatially faces convex inner surface ISa of circular 
arcuate segment 15 to define a working air gap area 1 If having a circular arcuate 
5 configuration therebetween. Alternatively, the present invention contemplates that planar 
south pole surface 217c can spatially face a planar hmer surface 14a of pole segment 14, 
and/or planar south pole surface 217d can spatially face a planar inner surface 16a of pole 
segment 16. 

Still referring to FIGS. 8A-8C, magnetic rotational position sensor 310 further 
10 comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A-1C and accompanying text, and a Hall effect device 118 being identical to Hall effect 
device 18. Hall effect device 18 is disposed within working air gap area lie, and Hall 
effect device 1 18 is disposed within working air gap area 1 If. It is to be appreciated that 
Hall effect device 18 and Hall effect device 1 18 are operable to sense a different 
is magnitude of magnetic flux density, respectively, for each degree of synchronized 

rotation of the magnetic field about rotational axis RA over a definable range of rotation 
upward to 180 degrees. It is to be further appreciated that, for each degree of 
synchronized rotation of the magnetic field about rotational axis RA of a definable range 
of rotation upward to 180 degrees, Hall effect device 18 and Hall effect device 1 18 are 
20 operable to generate a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18a and planar side surface 118a, 
respectively, and/or a voltage sensing signal as a function of the magnetic flux density of 
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the magnetic flux passing through planar side surface 18b and planar side surface 1 18b, 
respectively. 

Referring to FIGS. 9A-9C, a magnetic rotational position sensor 410 is shown. 
Magnetic rotational position sensor 410 comprises a loop pole piece 111. Loop pole 
S piece 1 1 1 includes circular arcuate pole piece 12, and a pole piece 1 13 having a 

rectangular prismatical pole segment 14, a semi -circular segment 115, and a rectangular 
prismatical pole-segment 16. Circular arcuate pole piece 12 and pole piece 1 13 are 
serially adjoined in a closed configuration to define an air gap area 111a. Preferably, 
circular arcuate pole piece 12 and pole piece 113 are unitarily fabricated from a 

10 ferromagnetic steel, e.g. a low carbon steel. Circular arcuate pole piece 1 2 and semi- 
circular segment 115 concentrically align with rotational axis RA, and concave inner 
surface 12a of pole piece 12 and a convex inner surface 115a of semi-circular segment 
115 are swept out by the outer end of a radius having its opposite end located on 
rotational axis RA and that extends circumfeientially over approximately 190 degrees to 

15 facilitate a rotation of loop pole piece 1 1 1 about rotational axis RA over a definable range 
of rotation upward to 180 degrees. 

Still referring to FIGS. 9A-9C, magnetic rotational position sensor 410 further 
comprises magnet 17 and Hall effect device 18 as previously described herein in 
connection with FIGS. 1 A-1C and accompanying text. Magnet 17 is disposed within air 

20 gap area 1 1 la with convex north pole surface 17a facing concave inner surface 12a of 
pole piece 12, concave south pole surface 17b adjacently facing convex inner surface 
1 15a of semicircular segment 1 15, planar south pole surface 17c adjacently facing a 
planar inner surface 14a of pole segment 14, and planar south pole surface 17d adjacently 
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facing a planar inner surface 16a of pole segment 16 to enclose the magnetic flux from 
magnet 17 within loop pole piece 1 1 1, and as a result, a magnetic field is established 
throughout air gap area 111a. Convex north pole surface 17a of magnet 17 spatially faces 
concave inner surface 12a of pole piece 12 to define a working air gap area 111b having a 
5 circular arcuate configuration therebetween. Alternatively, the present invention 

contemplates that concave south pole surface 17b can spatially face convex inner surface 
1 15a of semi-circular segment 1 15, planar south pole surface 17c can spatially face a 
planar inner surface 14a of pole segment 14, and/or planar south pole surface 17d can 
spatially face a planar inner surface 16a of pole segment 16. 

10 Still referring to FIOS, 9A-9C, Hall effect device 18 is disposed within working 

air gap area 1 1 lb. It is to be appreciated thai Hall effect device 18 is operable to sense a 
different magnitude of magnetic flux density for each degree of synchronized rotation of 
the magnetic field about rotational axis RA over a definable range of rotation upward to 
180 degrees. It is to be further appreciated that, for each degree of synchronized rotation 

IS of the magnetic field about rotational axis RA of a definable range of rotation upward to 
180 degrees, Hall effect device 18 is operable to generate a voltage sensing signal as a 
function of the magnetic flux density of die magnetic flux passing through planar side 
surface 1 8a, and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18b. 

20 Referring to FIGS. 10A-10C, a magnetic rotational position sensor 5 10 is shown. 

Magnetic rotational position sensor 510 comprises a loop pole piece 21 1, a magnet 317, 
and a magnet 417, Magnetic rotational position sensor 510 further comprises Hall effect 
device 18 as previously described in connection with FIGS. 1 A and IB, and a Hall effect 
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device 1 18 as previously described in connection with FIGS. 8A and 8B. Loop pole 
piece 21 1 includes a circular arcuate pole piece 1 12, and a pole piece 2 13 having a 
rectangular prismatical pole segment 1 14, a circular arcuate pole segment I IS, and a 
rectangular prismatical pole segment 1 16. Circular arcuate pole piece 1 12 and pole piece 
5 213 are serially adjoined in a closed configuration to define an air gap area 211a. 
Preferably, circular arcuate pole piece 1 12 and pole piece 2 13 ate unitarily fabricated 
from a ferromagnetic steel, e.g. a low carbon steel. Loop pole piece 211 further includes 
a circular arcuate segment 212 and a circular arcuate pole segment 215. Circular arcuate 
pole segment 212 is adjoined to a rectangular prismatical pole segment 1 14 and to 

10 rectangular prismatical pole segment 1 16, and circular arcuate pole segment 215 is 
adjoined to circular arcuate pole segment 1 15 to define an air gap area 211b. Circular 
arcuate pole piece 1 12, circular arcuate pole segment 1 15, circular arcuate pole segment 
212, and circular arcuate pole segment 215 concentrically align with rotational axis RA 
as best shown in FIG. IOC, and concave inner surface 1 12a of pole piece 1 12, a convex 

is inner surface 1 1 5a of circular arcuate pole segment 1 15, a concave inner surface 212a of 
circular arcuate pole segment 212, and a convex inner surface 215a of circular arcuate 
pole segment 2 1 5 are swept out by the outer end of a radius having its opposite end 
Located on rotational axis RA over approximately 175 degrees to facilitate a rotation of 
loop pole piece 21 1 about rotational axis RA over a definable range of rotation upward to 

20 170 degrees. A concave inner surface 1 15b of circular arcuate pole segment 1 15 and a 
concave inner surface 215b of circular arcuate pole segment 215 facilitates an adjoining 
of loop pole piece 21 1 to a cylindrical control shaft (not shown). 
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Still referring to FIGS. 10A-10C, magnet 317 is a permanent magnet having a 
convex north pole surface 317a, a concave south pole surface 317b, a planar south pole 
surface 317c, and a planar south pole surface 3174 to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 510, the magnetic flux within 
S magnet 317 is rectilinearly magnetized from south pole surfaces 317b-317d to convex 
north pole surface 317a as exemplary shown by the arrows in FIGS. 10A and 10B. 
Magnet 317 is disposed within air gap area 211a of loop pole piece 211 with convex 
north pole surface 317a facing concave inner surface 1 12a of pole piece 112, concave 
south pole surface 317b adjacently facing convex inner surface 115a of circular arcuate 

10 segment 1 15, planar south pole surface 3 17c adjacently facing a planar inner surface 1 14a 
of pole segment 1 14, and planar south pole surface 317d adjacently facing a planar inner 
surface 1 16a of pole segment 1 16 to enclose the magnetic flux from magnet 317 within 
loop pole piece 21 1 , and as a result, a magnetic field is established throughout air gap 
area 21 la. Convex north pole surface 317a of magnet 317 spatially facts concave inner 

15 surface 1 12a of pole piece 1 12 to define a working air gap area 21 lc having a circular 
arcuate configuration therebetween. Alternatively, the present invention contemplates 
that concave south pole surface 317b can spatially face convex inner surface 1 15a of 
circular arcuate pole segment 1 15, planar south pole surface 317c can spatially face a 
planar inner surface 1 14a of pole segment 1 14, and/or planar south pole surface 3 17d can 

20 spatially face a planar inner surface 1 16a of pole segment 1 16. 

Still refening to FIGS. 10A-10C, magnet 417 is a permanent magnet having a 
convex north pole surface 417a, a concave south pole surface 417b, a planar south pole 
surface 417c, and a planar south pole surface 417d to generate magnetic flux (not shown). 
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Prior to an assembly of magnetic rotational position sensor 510, the magnetic flux within 
magnet 417 is rectilineariy magnetized from south pole surfaces 417b-417d to convex 
north pole surface 417a as exemplary shown by the arrows in FIGS. 10A and 10B. 
Magnet 417 is disposed within air gap area 211b of loop pole piece 211 with convex 
5 north pole surface 417a facing concave inner surface 212a of pole piece 212, concave 
south pole surface 417b adjacently facing convex inner surface 215a of circular arcuate 
segment 215, planar south pole surface 417c adjacently facing a planar inner surface 1 14a 
of pole segment 1 14, and planar south pole surface 417d adjacently facing a planar inner 
surface 1 16a of pole segment 1 16 to enclose the magnetic flux from magnet 417 within 

10 loop pole piece 21 1, and as a result, a magnetic field is established throughout air gap 
area 21 lb* Convex north pole surface 417a of magnet 417 spatially faces concave inner 
surface 212a of pole piece 212 to define a working air gap area 2! Id having a circular 
arcuate configuration therebetween. Alternatively, the present invention contemplates 
that concave south pole surface 417b can spatially face convex inner surface 215a of 

is circular arcuate pole segment 215, planar south pole surface 417c can spatially face a 
planar inner surface 1 14a of pole segment 1 14, and/or planar south pole surface 417d can 
spatially face a planar inner surface 116a of pole segment 116. 

Still referring to FIGS. 10A-10C, Hall effect device 18 is disposed within working 
air gap area 2 1 1c, and Hall effect device 1 18 is disposed within working air gap area 

20 2 1 Id It is to be appreciated that Hall effect device 18 and Hall effect device 118 are 
operable to sense a different magnitude of magnetic flux density, respectively, for each 
degree of synchronized rotation of the magnetic field about rotational axis RA over a 
definable range of rotation upward to 170 degrees. It is to be further appreciated that, for 
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each degree of synchronized rotation of the magnetic field about rotational axis RAof a 
definable range of rotation upward to 170 degrees. Hall effect device 18 and Hall effect 
device 1 18 are operable to generate a voltage sensing signal as a function of the magnetic 
flux density of the magnetic flux passing through planar side surface 18a and planar side 
a surface 1 1 8a, respectively, and/or a voltage sensing signal as a function of the magnetic 
flux density of the magnetic flux passing through planar side surface 18b and planar side 
surface 1 18b. respectively. 

Referring to FIGS. 11A-UC, a magnetic rotational position sensor 610 is shown. 
Magnetic rotational position sensor 610 comprises loop pole piece 211 and Hall effect 

10 device 1 18 as previously described herein in connection with FIGS. 10A and I0B and 
accompanying text, and Hall effect device 18 as previously described in connection with 
FIGS. 1A and IB. Magnetic rotational position sensor 6 10 further comprises a magnet 
S17 and a magnet 617. Magnet 517 is a permanent magnet having a convex north pole 
surface 5 17a, a concave south pole surface 517b, a planar south pole surface 517c, and a 

15 planar south pole surface 517d to generate magnetic flux (not shown). Prior to an 
assembly of magnetic rotational position sensor 610, the magnetic flux within magnet 
517 is recUlincarly magnetized from south pole surfaces 517b-517d to convex north pole 
surface 5 17a as exemplary shown by the arrows in FIGS. 1 1 A and 1 IB. Magnet 517 is 
disposed within air gap area 21 la with convex north pole surface 517a adjacently facing 

20 concave inner surface 1 12a of pole piece 1 12, concave south pole surface 517b facing 
convex inner surface 1 15a of circular arcuate segment 1 1 5, planar south pole surface 
517c adjacently facing a planar inner surface 114a of pole segment 1 14. and planar south 
pole surface 5 17d adjacently facing a planar inner surface 1 16a of pole segment 1 16 to 
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enclose the magnetic flux from magnet 5 17 within loop pole piece 21 1, and as a result, a 
magnetic field is established throughout air gap area 21 la. Concave south pole surface 
5 17b spatially faces convex inner surface 115a of circular arcuate segment 1 15 to define 
a working air gap area 21 le having a circular arcuate configuration therebetween. 
5 Alternatively, the present invention contemplates that convex north pole surface 517a can 
spatially face concave inner surface 112a of pole piece 1 12, planar south pole surface 
517c can spatially face a planar inner surface 114a of pole segment 114, and/or planar 
south pole surface 517d can spatially face a planar inner surface 1 16a of pole segment 
116. 

to Still referring to FIGS. 1 1 A-l 1C, magnet 617 is a permanent magnet having a 

convex norm pole surface 617a. a concave south pole surface 617b, a planar south pole 
surface 617c, and a planar south pole surface 617d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 610, the magnetic flux within 
magnet 617 is rectilinearly magnetized from south pole surfaces 617b-617d to convex 

is north pole surface 617a as exemplary shown by the arrows in FIGS. 1 1 A and 1 1 B. 
Magnet 617 is disposed within air gap area 21 lb with convex north pole surface 6 17a 
adjacently facing concave inner surface 2 12a of pole piece 212, concave south pole 
surface 617b facing convex inner surface 215a of circular arcuate segment 215, planar 
south pole surface 617c adjacently facing a planar inner surface 1 14a of pole segment 

20 1 14, and planar south pole surface 617d adjacently facing a planar inner surface 1 16a of 
pole segment 1 16 to enclose the magnetic flux from magnet 617 within loop pole piece 
211, and as a result, a magnetic field is established throughout air gap area 211b. 
Concave south pole surface 617b spatially faces convex inner surface 2 15a of circular 
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arcuate segment 215 to define a working air gap area 21 If having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that 
convex north pole surface 617a can spatially face concave inner surface 212a of pole 
piece 2 12, planar south pole surface 617c can spatially face a planar inner surface 1 14a of 
5 pole segment 1 14. and/or planar south pole surface 617d can spatially face a planar inner 
surface 116a of pole segment 1 16. 

Still referring to FIGS. 1 1 A-l 1C, magnetic rotational position sensor 610 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 18 as previously described in 

10 connection with FIGS. 10A and 10B and accompanying text. Hall effect device 18 is 
disposed within working air gap area 21 1*. and Hall effect device 1 1 8 is disposed within 
working air gap area 21 If. It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 

is rotational axis R A over a definable range of rotation upward to 170 degrees. It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axis RA of a definable range of rotation upward to 170 degrees. Hall 
effect device 18 and Hall effect device 1 18 are operable to generate a voltage sensing 
signal as a function of the magnetic flux density of the magnetic flux passing through 

20 planar side surface 18a and planar side surface 1 18a, respectively, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b and planar side surface 118b, respectively. 
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Referring to FIGS. 12A-12C, a magnetic rotational position sensor 710 is shown. 
Magnetic rotational position sensor 7 10 comprises loop pole piece 211, magnet 317 and 
magnet 417 as previously described herein in connection with FIGS. 10A and 10B and 
accompanying text. Magnetic rotational position sensor 710 further comprises magnet 
s S17 and magnet 617 as previously described herein in connection with FIGS. 1 1 A and 
1 IB and accompanying text Magnet 317 and magnet 517 are disposed within air gap 
area 21 la with convex north pole surface 317a facing concave south pole surface 517b. 
concave south pole surface 317b adjacently facing convex inner surface 1 15a of circular 
arcuate segment 1 15, planar south pole surface 317c adjacently racing a planar inner 

io surface 1 14a of pole segment 1 14, planar south pole surface 317d adjacently facing a 
planar inner surface 116a of pole segment 116, convex north pole surface 517a adjacently 
facing concave inner surface 1 12a of pole piece 1 12, planar south pole surface 517c 
adjacently facing a planar inner surface 1 14a of pole segment 1 14, and planar south pole 
surface 517d adjacently facing a planar inner surface 1 16a of pole segment 1 16 to enclose 

15 the magnetic flux from magnet 3 17 and the magnetic flux from magnet 5 17 within loop 
pole piece 21 1 , and as a result, a magnetic field is established throughout air gap area 
211a. Convex north pole surface 317a spatially faces concave south pole surface 5 17b to 
define a working air gap area 21 lg having a circular arcuate configuration therebetween. 
Alternatively, the present invention contemplates that concave south pole surface 317b 

20 can spatially face convex inner surface 11 5a of circular arcuate pole segment 115, planar 
south pole surface 3 1 7c can spatially face a planar inner surface 1 14a of pole segment 
1 14, planar south pole surface 3 1 7d can spatially face a planar inner surface 1 16a of pole 
segment 1 16, convex north pole surface 517a can spatially face concave inner surface 

36 


Page 38 of 71 

1 12a of pole piece 1 12, planar south pole surface 517c can spatially face a planar inner 
surface 1 1 4a of pole segment 1 14, and/or planar south pole surface 517d can spatially 
face a planar inner surface 1 16a of pole segment 1 16, 

Still referring to FIGS. 12A-12C, magnet 417 and magnet 617 are disposed within 
5 air gap area 2 1 lb with convex north pole surface 417a facing concave south pole surface 
617b, concave south pole surface 417b adjacently facing convex inner surface 215a of 
circular arcuate segment 215, planar south pole surface 417c adjacently facing a planar 
inner surface 1 14b of pole segment 1 14, planar south pole surface 417d adjacently facing 
a planar inner surface 1 16b of pole segment 1 16, convex north pole surface 617a 

10 adjacently facing concave inner surface 212a of pole piece 212, planar south pole surface 
617c adjacently facing a planar inner surface 1 14b of pole segment 1 14, and planar south 
pole surface 6I7d adjacently facing a planar inner surface 116b of pole segment 1 16 to 
enclose the magnetic flux from magnet 417 and the magnetic flux from magnet 617 
within loop pole piece 21 1, and as a result, a magnetic field is established throughout air 

15 gap area 2 1 lb. Convex norm pole surface 5 17a spatially faces concave south pole 
surface 617b to define a working air gap area 21 lh having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that 
concave south pole surface 417b can spatially face convex inner surface 215a of circular 
arcuate pole segment 1 15. planar south pole surface 417c can spatially face a planar inner 

20 surface 1 14b of pole segment 1 14, planar south pole surface 417d can spatially face a 
planar inner surface 1 16b of pole segment 1 16, convex north pole surface 6 17a can 
spatially face concave inner surface 212a of pole piece 212, planar south pole surface 
617c can spatially face a planar inner surface 1 14b of pole segment 1 14, and/or planar 
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south pole surface 617d can spatially face a planar inner surface 1 16b of pole segment 
1 16. In addition, the present invention contemplates that magnet 417 and magnet 617 can 
be magnetized in opposing directions to establish two magnetic fields throughout air gap 
area 211b. 

5 Still referring to FIGS. 12A-12C, magnetic rotational position sensor 710 further 

comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 1 8 as previously described in 
connection with FIGS. 10A and 10B and accompanying text. Hall effect device 18 is 
disposed within working air gap area 21 lg and Hall effect device 1 1 8 is disposed within 

10 working air gap area 2Uh. It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axis RA over a definable range of rotation upward to 170 degrees. It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic fields 

15 about rotational axis RA of a definable range of rotation upward to 170 degrees. Hall 
effect device 18 and Hall effect device 118 are operable to generate a voltage sensing 
signal as a function of the magnetic flux density of the magnetic flux passing through 
planar side surface 18a and planar aide surface 1 18a, respectively, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 

20 through planar side surface 1 8b and planar side surface 1 18b, respectively. 

Referring to FIGS. 13A-13C, a magnetic rotational position sensor 810 is shown. 
Magnetic rotational position sensor 810 comprises a loop pole piece 31 1. Loop pole 
piece 3 1 1 includes circular arcuate pole piece 1 1 2, and a pole piece 313 having 
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rectangular prismatical pole segment 1 14. a circular conical segment 315, and rectangular 
prismatical pole segment 1 16. Circular arcuate pole piece 1 12 and pole piece 313 are 
serially adjoined in a closed configuration to define an air gap area 311a. Preferably, 
circular arcuate pole piece 1 12 and pole piece 313 are unitarily fabricated from a 
5 ferromagnetic steel, e.g. a low carbon steel Loop pole piece 3 1 1 farther includes a 
circular arcuate pole piece 212 adjoined to rectangular prismatical pole segment 1 14 and 
to rectangular prismatical pole segment 1 16 to define an air gap area 311b. Circular 
arcuate pole piece 112, circular conical segment 315, and circular arcuate pole piece 212 
concentrically align with rotational axis RA, and concave inner surface 1 12a of pole 

10 piece 1 12, a convex inner surface 3 ISa of circular conical segment 3 IS, a convex inner 
surface 3 15b of circular conical segment 315, and a concave inner surface 212a of pole 
piece 2 12 are swept out by the outer end of a radius having its opposite end located on 
rotational axis RA and that extends circumferentially over approximately 175 degrees to 
facilitate a rotation of loop pole piece 31 1 about rotational axis RA over a definable range 

is of rotation upward to 170 degrees. 

Still referring to FIGS. 13A-13C, magnetic rotational position sensor 810 further 
comprises magnet 317, and magnet 417 as previously described herein in connection with 
FIGS. 10A-10C and accompanying text Magnet 317 is disposed within air gap area 
311a with convex north pole surface 317a facing concave inner surface 112a of pole 

20 piece 1 12, concave south pole surface 317b adjacently facing convex inner surface 315a 
of circular conical segment 315 t planar south pole surface 317c adjacently facing a planar 
inner surface 1 14a of pole segment 1 14, and planar south pole surface 3 17d adjacently 
facing a planar inner surface 116a of pole segment 1 16 to enclose the magnetic flux from 
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magnet 3 17 within loop pole piece 3 1 1 , and as a result, a magnetic field is established 
throughout air gap area 311a. Convex north pole surface 317a of magnet 317 faces 
concave inner surface 1 12a of pole piece 1 12 to define a working air gap area 31 lc 
having a circular arcuate configuration therebetween. Alternatively, the present invention 
5 contemplates that concave south pole surface 317b can spatially face convex inner 

surface 315a of circular conical segment 315, planar south pole surface 317c can spatially 
face a planar inner surface 1 14a of pole segment 1 14, and/or planar south pole surface 
317d can spatially face a planar inner surface 1 16a of pole segment 1 16. 

Still referring to FIGS. 13A-13C, magnet 417 is disposed within air gap area 31 lb 

10 with convex north pole surface 417a facing concave inner surface 212a of pole piece 212, 
concave south pole surface 417b adjacently facing convex inner surface 315b of circular 
conical segment 315, planar south pole surface 417c adjacently facing a planar inner 
surface 114b of pole segment 114, and planar south pole surface 4I7d adjacently facing a 
planar inner surface 1 16b of pole segment 1 16 to enclose the magnetic flux from magnet 

IS 417 within loop pole piece 311, and as a result, a magnetic field is established throughout 
air gap area 31 lb. Convex north pole surface 417a of magnet 417 spatially faces concave 
inner surface 212a of pole piece 212 to define a working air gap area 31 Id having a 
circular arcuate configuration therebetween. Alternatively, the present invention 
contemplates that concave south pole surface 417b can spatially face convex inner 

20 surface 3 15b of circular conical segment 315. planar south pole surface 417c can spatially 
face a planar inner surface 1 14b of pole segment 1 14, and/or planar south pole surface 
4 17d can spatially face a planar inner surface 1 16b of pole segment 1 16. 
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Still referring to FIGS. 13A-13C, magnetic rotational position sensor 810 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 18 as previously described in 
connection with FIGS. 10A and 10B and accompanying text. Hall effect device 18 is 
5 disposed within working air gap area 3 lie, and Hall effect device 118 is disposed within 
working air gap area 31 Id It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axis RA over a definable range of rotation upward to 170 degrees. It is to be 

10 further appreciated that, for each degree of synchronized rotation of the magnetic 6eld 
about rotational axis RA of a definable range of rotation upward to 170 degrees, Hall 
effect device 1 8 and Hall effect device 1 18 are operable to generate a voltage sensing 
signal as a function of the magnetic flux density of the magnetic flux passing through 
planar side surface 18a and planar side surface 1 18a, respectively, and/or a voltage 

15 sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b and planar side surface 1 18b, respectively. 

Referring to FIGS. 14A-14C, a magnetic rotational position sensor 20 is shown. 
Magnetic rotational position sensor 20 comprises a loop pole piece 2 1 , a magnet 24, and 
Hall effect device 18. Loop pole piece 21 includes a circular arcuate pole piece 22, and a 

20 rectangular prisroatical pole piece 23 serially adjoined in a closed configuration to define 
an air gap area 21a. Preferably, circular arcuate note piece 22 and rectangular prisroatical 
pole piece 23 are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 
Circular arcuate pole piece 22 concentrically aligns with rotational axis RA as best shown 
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in FIG. 14C, and concave inner surface 22a of pole piece 22 radially extends from 
rotational axis RA over approximately 190 degrees to facilitate a rotation of loop pole 
piece 21 about rotational axis RA over a definable range of rotation upward to 180 
degrees. Planar inner surface 23a of pole piece 23 radially extends from rotational axis 
5 RA. 

Still referring to FIGS. 14A-14C. magnet 24 is a permanent magnet having a 
convex north pole surface 24a, and a planar south pole surface 24b to generate magnetic 
flux (not shown). Prior to an assembly of magnetic rotational position sensor 20, the 
magnetic flux within magnet 24 is rectilinearly magnetized from south pole surface 24b 

10 to convex north pole surface 24a as exemplary shown by the arrows in FIGS. 14A and 
14B. Magnet 24 is disposed within air gap area 21a of loop pole piece 2 1 with convex 
north pole surface 24a facing concave inner surface 22a of pole piece 22, and planar 
south pole surface 24b adjacently facing a planar inner surface 23a of pole piece 23 to 
enclose the magnetic flux from magnet 24 within loop pole piece 21, and as a result, a 

15 magnetic field is established throughout air gap area 21a as exemplary shown in FIGS. 
16A-16C. Convex north pole surface 24a of magnet 24 spatially faces concave inner 
surface 22a of pole piece 22 to define a working air gap area 21b having a circular 
arcuate configuration therebetween. Alternatively, die present invention contemplates 
that planar south pole surface 24b can spatially face planar inner surface 23a of pole 

20 piece 23. 

Still referring to FIGS. 14A-14C, Hall effect device 18 is disposed within working 
air gap area 21b. It is to be appreciated that Hall effect device 18 is operable to sense a 
magnetic flux density of any magnetic flux through Hall effect device 1 8 via a planar side 
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surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect device 18 
is further operable to generate a voltage sensing signal as a function of the magnetic flux 
density of any magnetic flux passing through planar side surface 18a and/or a voltage 
sensing signal as a function of the magnetic flux density of any magnetic flux passing 
5 through planar side surface 1 8b. 

Referring to FIGS. ISA and 1SB, an exemplary adjoining of magnetic rotational 
position sensor 20 to cylindrical control shaft 1 (being non-magnetic and non- 
magnetizable) is shown. Magnetic rotational position sensor 20 is assembled as 
previously described in connection with FIGS. 14A-14C and accompanying text within a 

10 container 4 f and a lid 5 is adjoined to container 4 to house pole piece 21 and magnet 24 
within container 4, Lid 5 has a slot Sa to enable the leads of Hall effect device 18 to 
extend out of lid 5. Container 4 and lid 5 are adjoined to outer surface lb of cylindrical 
control shaft 1 to adjoin loop pole piece 21 and magnet 24 to cylindrical control shaft 1 
and to coincide rotational axis RA (FIG. 14C) with longitudinal axis LA of cylindrical 

is control shaft 1. It is to be appreciated that loop pole piece 21 and magnet 24 will 

synchronously rotate about coinciding rotational axes LA/RA as cylindrical control shaft 
1 is rotated about coinciding rotational axes LA/RA, and as a result, each degree of 
rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA exclusively 
corresponds to a distinct degree of synchronized rotation of the magnetic field (not 

20 shown) established throughout air gap area 21a (FIGS. 14A and 14B) about coinciding 
rotational axes LA/RA over a definable range of rotation upward to 180 degrees. 

Referring to FIGS, 16A-16C, diagrammatic illustrations of loop pole piece 21, 
magnet 24, and a magnetic field synchronously rotating with cylindrical control shaft 1 
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about coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
degrees is shown. To sense each degree of rotation of cylindrical control shaft 1 about 
coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
degrees, it is to be appreciated that die magnetic flux density of any magnetic flax 

s passing through Hall effect device 18 via planar side surface 18a (FIG. 14A) and planar 
side surface 18b (FIG. 14B) must be different for each degree of synchronized rotation of 
the magnetic field about coinciding rotational axes LA/RA. As previously described 
herein, the magnetic flux within magnet 24 is rectilinearly magnetized from south pole 
surface 24b (FIG. 14B) to north pole surface 24a (FIG. 14A) prior to the assembly of 

10 magnetic rotational position sensor 20. Upon the disposal of magnet 24 within loop pole 
piece 21, the arcuate configuration of working air gap area 21b realigns the magnetization 
of the magnetic flux within magnet 24 as exemplary shown in FIGS. 16A-16C to 
facilitate a sensing of a different magnitude of magnetic flux density by Hall effect 18 for 
each degree of synchronized rotation of the magnetic field about coinciding rotational 

15 axes LA/RA as evidenced by the positioning of Hall effect device 18 throughout working 
air gap area 21b along an arc path AP2 radially extending from coinciding rotational axes 
LA/RA. The arcuate configuration of working air gap area 21b is circular to facilitate a 
symmetrical balancing of the magnetic flux of the magnetic field throughout working air 
gap area 21b as shown in FIGS. 16A-I6C Planar side surface 18a and planar side 

20 surface 18b of Hall effect device 1 8 are perpendicular to concave inner surface 22a (FIG. 
14B) of pole piece 22 and to convex north pole surface 24a (FIG. 14 A) of magnet 24 as 
loop pole piece 21 and magnet 24 are synchronously rotated about coinciding rotational 
axes LA/RA to facilitate a uniform differential of the magnetic flux passing through Hall 
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effect device 18 for each degree of synchronized rotation of control shaft 1 and the 
magnetic Held about coinciding rotational axes LA/RA over a definable range of rotation 
upward to 180 degrees. Thus, it is to be appreciated that Hall effect device 18 is operable 
to sense a different magnitude of magnetic flux density for each degree of synchronized 
5 rotation of control shaft 1 and the magnetic field about coinciding rotational axes LA/RA 
over a definable range of rotation upward to 180 degrees. It is to be further appreciated 
that, for each degree of synchronized rotation of control shaft 1 and the magnetic field 
about coinciding rotational axes LA/RA over a definable range of rotation upward to 180 
degrees, Hall effect device 18 is operable to generate a voltage sensing signal Vssi as a 
io function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a as shown in FIG. 16D and/or a voltage sensing signal Vssa as a function of 
the magnetic flux density of the magnetic flux passing through planar side surface 18b as 
shown in FIG. 16D. 

Referring to FIGS. 17A-17C, a magnetic rotational position sensor 20' is shown. 

13 Magnetic rotational position sensor 20 v comprises loop pole piece 21* and magnet 24\ 
Loop pole piece 21' includes a circular arcuate pole piece 22\ and a rectangular 
prismatical pole piece 23* serially adjoined in a closed configuration to define an air gap 
area 2 la\ Preferably, circular arcuate pole piece 22' and rectangular prismatical pole 
piece 23 f are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 

20 Circular arcuate pole piece 22* concentrically aligns with rotational axis RA as best 
shown in FIG. 17C V and concave inner surface 22a' of pole piece 22 1 radially extends 
from rotational axis RA over approximately 100 degrees to facilitate a rotation of loop 
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pole piece 21* about rotational axis RA over a definable range of rotation upward to 
ninety (90) degrees. Planar inner surface 23a f radially extends from rotational axis RA. 

Still referring to FIGS. 17A-17C, magnet 24* is a permanent magnet having a 
convex north pole surface 24a\ and a planar south pole surface 24b 1 to generate magnetic 
5 flux (not shown). Prior to an assembly of magnetic rotational position sensor 20 1 , the 
magnetic flux within magnet 24' is tectilinearty magnetized from south pole surface 24b' 
to convex north pole surface 24a* as exemplary shown by the arrows in FIGS. 17A and 
17B. Magnet 24' is disposed within air gap area 21a* of loop pole piece 21 1 with convex 
north pole surface 24a* facing concave inner surface 22a* of pole piece 22\ and planar 

to south pole surface 24b 9 adjacently facing a planar inner surface 23a' of pole piece 23* to 
enclose the magnetic flux from magnet 24 1 within loop pole piece 21 \ and as a result, a 
magnetic field is established throughout air gap area 21a\ Convex north pole surface 
24a' of magnet 24* spatially faces concave inner surface 22a* of pole piece 22* to define 
a working air gap area 21b 1 having a circular arcuate configuration therebetween. 

1 5 Alternatively, the present invention contemplates that planar smith pole surface 24b' can 
spatially face planar inner surface 23a' of pole piece 23 \ 

Still referring to HQS. 17A-17C, magnetic rotational position sensor 20* further 
comprises Hall effect device 18 as previously described in connection with FIGS. 1 A and 
1 B and accompanying text. Hall effect device 1 8 is disposed within working air gap area 

20 21b'. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axis RA over a definable range of rotation upward to 
ninety (90) degrees. It is to be further appreciated that, for each degree of synchronized 
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rotation of the magnetic field about rotational axis RAof a definable range of rotation 
upwind to ninety (90) degrees, Hall effect device 18 is operable to generate a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18a. and/or a voltage sensing signal as a function of the 
5 magnetic flux density of the magnetic flux passing through planar side surface 18b. 

Referring to FIGS. 18A-18C, a magnetic rotational position sensor 20" is shown. 
Magnetic rotational position sensor 20" comprises loop pole piece 21 " and magnet 24". 
Loop pole piece 21' ' includes a circular arcuate pole piece 22", and a rectangular 
prismatical pole piece 23" serially adjoined in a closed configuration to define an air gap 
20 area 21a". Preferably, circular arcuate pole piece 22" and rectangular prismatical pole 
piece 23" are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon steel. 
Circular arcuate pole piece 22" concentrically aligns with rotational axis RA as best 
shown in FIG, 18C, and concave timer surface 22a" of pole piece 22" radially extends 
from rotational axis RA over approximately 280 degrees to facilitate a rotation of loop 
is pole piece 21" about rotational axis RA over a definable range of rotation upward to 270 
degrees. Planar inner surface 23a* ' radially extends from rotational axis RA. 

Still referring to FIGS. 1 8A-18C, magnet 24" is a permanent magnet having a 
convex north pole surface 24a", and a planar south pole surface 24b* ' to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
20 20" . the magnetic flux within magnet 24" is rectilinearly magnetized from south pole 
surface 24b M to convex north pole surface 24a" as exemplary shown by the arrows in 
FIGS. 18A.and 18B. Magnet 24' ' is disposed within air gap area 21a" of loop pole piece 
21" with convex north pole surface 24a" facing concave inner surface 22a' 'of pole piece 
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22", and planar south pole surface 24b" adjacently facing a planar inner surface 23a" of 
pole piece 23" to enclose the magnetic flux from magnet 24" within loop pole piece 
21", and as a result, a magnetic Held is established throughout air gap area 21a". 
Convex north pole surface 24a" of magnet 24" spatially faces concave inner surface 
S 22*' ' of pole piece 22" to define a working air gap ana 21b" having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that planar 
south pole surface 24b" can spatially face planar inner surface 23a" of pole piece 23". 

Still referring to FIGS. 18A-18C, magnetic rotational position sensor 20" further 
comprises Hall effect device 18 as previously described in connection with FIGS. 1 A and 

to IB and accompanying text. Hall effect device 1 8 is disposed within working air gap area 
2 lb". It is to be appreciated that Hall effect device 1 8 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 
magnetic field about rotational axis RA over a definable range of rotation upward to 270 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 

is the magnetic field about rotational axis RA of a definable range of rotation upward to 270 
degrees, Hall effect device 18 is operable to generate a voltage sensing signal as a 
function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a, and/or a voltage sensing signal as a function of the magnetic flux density of 
die magnetic flux passing through planar side surface 18b. 

20 Referring to FIGS. 19A-19C, a magnetic rotational position sensor 120 is shown. 

Magnetic rotational position sensor 120 comprises loop pole piece 21 and magnet 24 as 
previously described herein in connection with FIGS. I4A and 14B and accompanying 
text. Magnetic rotational position sensor 120 further comprises magnet 1 17 previously 
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described herein in connection with FIGS. 7 A and 7B and accompanying text Magnet 
24 and magnet 1 17 are disposed within air gap area 21a with convex north pole surface 
24a of magnet 24 facing concave south pole surface 1 17b of magnet 1 17, convex north 
pole surface 1 17a of magnet 1 17 adjacently facing concave inner surface 22a of pole 

5 piece 22, planar south pole surface 1 1 7c of magnet 1 1 7 adjacently facing planar inner 
surface 23a of pole piece 23, planar south pole surface 1 17d of magnet 1 17 adjacently 
facing planar inner surface 23a of pole piece 23, and planar south pole surface 24b of 
magnet 24 adjacently facing planar inner surface 23a of pole piece 23 to enclose the 
magnetic flux from magnet 24 and magnet 1 17 within loop pole piece 21, and as a result, 

10 a magnetic field is established throughout air gap area 21 a. Concave south pole surface 
1 17b of magnet 1 17 spatially faces convex north pole surface 24a of magnet 24 to define 
a working air gap area 21c having a circular arcuate configuration therebetween. 
Alternatively, the present invention contemplates that convex north pole surface 1 17a of 
magnet 1 17 can spatially face concave inner surface 22a of pole piece 22, planar south 

is pole surface 1 17d can spatially face planar inner surface 23a of pole piece 23, planar 
south pole surface 1 17d can spatially face planar inner surface 23a of pole piece 23. 
and/or planar south pole surface 24b can spatially face planar inner surface 23a of pole 
piece 23. 

Still referring to FIGS. 19A-19C. magnetic rotational position sensor 120 further 
20 comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A-1C and accompanying text. Hall effect device 18 is disposed within working air gap 
area 21c. It is to be appreciated thai Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each degree of synchronized rotation of the 


49 


Page 51 of 71 

magnetic field about rotational axis RA over a definable range of rotation upward to 180 
degrees. It is to be further appreciated that, for each degree of synchronized rotation of 
the magnetic field about rotational axis RA of a definable range of rotation upward to 180 
degrees, Hall effect device 1 8 is operable to generate a voltage sensing signal as a 

5 function of the magnetic flux density of the magnetic flux passing through planar side 
surface 18a, and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux passing through planar side surface 18b. 

Referring to FIGS. 20A-20C, a magnetic rotational position sensor 220 is shown. 
Magnetic rotational position sensor 220 comprises loop pole piece 21 and magnet 24 as 

10 previously described herein in connection with FIGS. 14A and 14B and accompanying 
text. Magnetic rotational position sensor 220 further comprises magnet 217 previously 
described herein in connection with FIGS. 8 A and 8B and accompanying text Magnet 
24 and magnet 217 are disposed within air gap area 21a with convex north pole surface 
24a facing concave south pole surface 217b of magnet 217, convex north pole surface 

15 217a of magnet 217 adjacently facing concave inner surface 22a of pole piece 22. planar 
south pole surface 217c of magnet 217 adjacently facing planar inner surface 23a of pole 
piece 23 t planar south pole surface 217d of magnet 217 adjacently facing planar inner 
surface 23a of pole piece 23, and planar south pole surface 24b of magnet 24 adjacently 
facing planar inner surface 23a of pole piece 23 to enclose the magnetic flux from magnet 

20 24 and magnet 217 within loop pole piece 21, and as a result, a magnetic field is 

established throughout air gap area 21a. Convex south pole surface 217a of magnet 217 
spatially faces concave inner surface 22a of pole piece 22 to define a working air gap area 
21d having a circular arcuate configuration therebetween, and concave south pole surface 
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217b of magnet 217 spatially faces convex north pole surface 24a of magnet 24 to define 
a working air gap area 21e having a circular arcuate configuration therebetween. 
Alternatively, the present invention contemplates that planar south pole surface 217d can 
spatially face planar inner surface 23a of pole piece 23, planar south pole surface 217d 

5 can spatially face planar inner surface 23a of pole piece 23. and/or planar south pole 
surface 24b can spatially face planar inner surface 23a of pole piece 23. 

Still referring to FIOS. 20A-2GC, magnetic rotational position sensor 220 further 
comprises Hall effect device 1 8 as previously described herein in connection with FIOS. 
1A-1C and accompanying text, and Hall effect device 118 as previously described herein 

10 in connection with FIOS. 8A-8C and accompanying text Hall effect device 18 is 

disposed within working air gap area 21d, and Hall effect device 1 18 is disposed within 
working air gap area 21e. It is to be appreciated that Hall effect device 18 and Hal! effect 
device 118 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of die magnetic field about 

IS rotational axis RA over a definable range of rotation upward to 180 degrees. It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axis RA of a definable range of rotation upward to 180 degrees, Hall 
effect device 18 and Hall effect device 1 1 8 are operable to generate a voltage sensing 
signal as a function of the magnetic flux density of die magnetic flux passing through 

20 planar side surface 18a and planar side surface 1 18a, respectively, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b and planar side surface 1 18b, respectively. 
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Referring to FIGS. 21A~21C, a magnetic rotational position sensor 320 is shown. 
Magnetic rotational position sensor 320 comprises loop pole piece 21 as previously 
described herein in connection with FIGS. 14A-14C and accompanying text Magnetic 
rotational position sensor 320 further comprises a magnet 124. Magnet 124 is a 
5 permanent magnet having a convex north pole surface 124a, and a planar south pole 
surface 124b to generate magnetic flux (not shown). Prior to an assembly of magnetic 
rotational position sensor 320 f the magnetic flux within magnet 124 is rectilinearly 
magnetized from planar south pole surface 124b to convex north pole surface 124a as 
exemplary shown by the arrows in FIGS. 21A and 21B. Magnet 124 is disposed within 

10 air gap area 21a with convex north pole surface 124a facing concave inner surface 22a of 
pole piece 22, and planar south pole surface 124b facing planar inner surface 23a of pole 
piece 23 to enclose the magnetic flux from magnet 124 within loop pole piece 21, and as 
a result, a magnetic field is established throughout air gap area 21a. Convex north pole 
surface 124a spatially faces concave inner surface 22a of pole piece 22 to define a 

is working air gap aita 21f having a circular arcuate configuration therebetween, and 

concave south pole surface 124b spatially faces planar inner surface 23a of pole piece 23 
to provide an additional spacing within air gap area 21a. 

Still referring to FIGS. 21A-21C, magnetic rotational position sensor 320 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 

20 1 A-1C and accompanying text. Hall effect device 18 is disposed within working air gap 
area 2 If. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux for each degree of synchronized rotation of the magnetic 
field about rotational axis RA over a definable range of rotation upward to 180 degrees. 
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It is to be further appreciated that, for each degree of synchronized rotation of the 
magnetic field about rotational axis RA of a definable range of rotation upward to ISO 
degrees, Hail effcctdcvice 18 is operable to generate a voltage sensing signal as a 
function of die magnetic flux density of the magnetic flux passing through planar side 

5 surface 1 8a, and/or a voltage sensing signal as a function of the magnetic flux density of 
the magnetic flux pasting through planar side surface 18b. 

Referring to FIGS. 22A-22C, a magnetic rotational position sensor 420 is shown. 
Magnetic rotational position sensor 420 comprises a loop pole piece 121 , a magnet 124, 
and a magnet 224* Magnetic rotational position sensor 420 further comprises Hall effect 

10 device 18 as previously described in connection with FIGS. 1 A and IB, and a Hall effect 
device 1 18 as previously described in connection with FIGS. 8A and 8B. Loop pole 
piece 121 includes a circular arcuate pole pine 122 and a rectangular prismatical pole 
piece 123 serially adjoined in a closed configuration to define an air gap area 12 la* 
Preferably, circular arcuate pole piece 122 and pole piece 123 are unitarily fabricated 

IS from a ferromagnetic steel, e.g. a low carbon steel Loop pole piece 121 further includes 
a circular arcuate pole piece 12S adjoined to pole piece 123 to define an air gap area 
12 lb. Circular arcuate pole piece 122, and circular arcuate pole piece 125 concentrically 
align with rotational axis RA as best shown in FIG. 22C, and concave inner surface 122a 
of pole piece 122 and a concave inner surface 125a of pole piece 12S are swept out by 

20 the outer end of a radius having its opposite end located on rotational axis RA and that 
extends circumferenUally over approximately 175 degrees to facilitate a rotation of loop 
pole piece 121 about rotational axis RA over a definable range of rotation upward to 170 
degrees. 
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Still referring to FIGS. 22A-22C, magnet 124 is a permanent magnet having a 
convex north pole surface 124a, and a planar south pole surface 124b to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
420, the magnetic flux within magnet 124 is lecttlinearly magnetized from south pole 
s surface 124b to convex north pole surface 124a as exemplary shown by the arrows in 
FIGS* 22A and 22B. Magnet 124 is disposed within air gap area 121a of loop pole piece 
1 21 with convex north pole surface 1 24a facing concave inner surface 122a of pole piece 
1 22, and planar south pole surface 124b adjacently facing planar inner surface 123a of 
pole piece 123 to enclose the magnetic flux from magnet 124 within loop pole piece 121, 

io and as a result, a magnetic field is established throughout air gap area 121a. Convex 
north pole surface 124a of magnet 124 spatially faces concave inner surface 122a of pole 
piece 122 to define a working air gap area 121c having a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that concave south pole 
surface 124b can spatially face planar inner surface 123a of pole piece 123. 

13 Still referring to FIGS. 22A-22C, magnet 224 is a permanent magnet having a 

convex north pole surface 224a, and a planar south pole surface 224b to generate 
magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
420, the magnetic flux within magnet 224 is rectilineariy magnetized from south pole 
surface 224b to convex north pole surface 224a as exemplary shown by the arrows in 

20 FIGS. 22A and 22B. Magnet 224 is disposed within air gap area 12 lb of loop pole piece 
121 with convex north pole surface 224a facing concave inner surface 125a of pole piece 
125, and planar south pole surface 224b adjacently facing planar inner surface 123b of 
pole piece 123 to enclose the magnetic flux from magnet 224 within loop pole piece 121, 
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and as a result, a magnetic field is established throughout air gap area 12 lb. Convex 
north pole surface 224a of magnet 224 spatially faces concave inner surface 125a of pole 
piece 125 to define a working air gap area 121d having a circular arcuate configuration 
therebetween* Alternatively, the present invention contemplates that concave south pole 

5 surface 224b can spatially face planar inner surface 123b of pole piece 123, 

Still referring to FIGS, 22A-22C, Hall effect device 18 is disposed within working 
air gap area 121c, and Hall effect device 1 18 is disposed within working air gap area 
121d It is to be appreciated that Hall effect device 18 and Hall effect device 118 are 
operable to sense a different magnitude of magnetic flux density, respectively, for each 

10 degree of synchronized rotation of the magnetic field about rotational axis RA over a 
definable range of rotation upward to 170 degrees. It is to be further appreciated that, for 
each degree of synchronized rotation of the magnetic field about rotational axis RA of a 
definable range of rotation upward to 170 degrees, Hal) effect device 18 and Hall effect 
device 1 18 are operable to generate a voltage sensing signal as a function of the magnetic 

15 flux density of the magnetic flux passing through planar side surface 18a and planar side 
surface 118a, respectively, and/or a voltage sensing signal as a function of the magnetic 
flux density of the magnetic flux passing through planar side surface 18b and planar side 
surface 1 1 8b, respectively* 

Referring to FIGS. 23 A-23C, a magnetic rotational position sensor 520 is shown. 

20 Magnetic rotational position sensor 520 comprises loop pole piece 121, magnet 124, and 
magnet 224 as previously described herein in connection with FIGS. 22A and 22B and 
accompanying text. Magnetic rotational position sensor 610 further comprises a magnet 
324 and a magnet 424. Magnet 324 is a permanent magnet having a convex north pole 
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surface 324a, a concave south pole surface 324b, a planar south pole surface 324c, and a 
planar south pole surface 324d to generate magnetic flux (not shown). Prior to an 
assembly of magnetic rotational position sensor 520, the magnetic flux within magnet 
324 is rectilinear! y magnetized from south pole surfaces 324b-324d to convex north pole 
5 surface 324a as exemplary shown by the arrows in FIGS. 23A and 23B. Magnet 124 and 
magnet 324 are disposed within air gap area 121a with convex north pole surface 324a of 
magnet 324 facing concave inner surface 122a of pole piece 122, concave south pole 
surface 324b of magnet 324 facing convex north pole surface 124a of magnet 124, planar 
south pole surface 124b of magnet 124 adjacently facing planar inner surface 123a of 

10 pole piece 123, planar south pole surface 324c of magnet 324 adjacently facing planar 
inner surface 123a of pole piece 123, and planar south pole surface 324d of magnet 324 
adjacently facing planar inner surface 123a of pole piece 123 to enclose the magnetic flux 
from magnet 124 and the magnetic flux from magnet 324 within loop pole piece 121, and 
as a result, a magnetic field is established throughout air gap area 121a* Concave south 

15 pole surface 324b of magnet 324 spatially faces convex north pole surface 124a of 

magnet 124 to define a working air gap area 121e having a circular arcuate configuration 
therebetween. Alternatively, the present invention contemplates that planar south pole 
surface 124b can spatially face planar inner surface 123a of pole piece 123, planar south 
pole surface 324c can spatially face planar inner surface 123a of pole piece 123, and/or 

20 planar south pole surface 324d can spatially face planar inner surface 123a of pole piece 
123. 

Still referring to FIGS. 23A-23C r magnet 424 is a permanent magnet having a 
convex north pole surface 424a, a concave south pole surface 424b, a planar south pole 
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surface 424c, and a planar south pole surface 424d to generate magnetic flux (not shown). 
Prior to an assembly of magnetic rotational position sensor 520, the magnetic flux within 
magnet 424 is rcclilineariy magnetized from south pole surfaces 424b-424d to convex 
north pole surface 424a as exemplary shown by the arrows in FIGS. 23A and 23B. 
s Magnet 224 and magnet 424 are disposed within air gap area 121b with convex north 
pole surface 424a of magnet 424 facing concave inner surface 125a of pole piece 125, 
concave south pole surface 424b of magnet 424 facing convex north pole surface 224a of 
magnet 224, planar south pole surface 224b of magnet 224 adjacently facing planar inner 
surface 123a of pole piece 123, planar south pole surface 424c of magnet 424 adjacently 

10 facing planar inner surface 123a of pole piece 123, and planar south pole surface 424d of 
magnet 424 adjacently facing planar inner surface 123a of pole piece 123 to enclose the 
magnetic flux from magnet 224 and die magnetic flux from magnet 424 within loop pole 
piece 121, and as a result, a magnetic field is established throughout air gap area 121b. 
Concave south pole surface 424b of magnet 424 spatially faces convex north pole surface 

l s 224a of magnet 224 to define a working air gap area 12 1 f having a circular arcuate 
configuration therebetween. Alternatively, the present invention contemplates that planar 
south pole surface 224b can spatially face planar inner surface 123a of pole piece 123, 
planar south pole surface 424c can spatially face planar inner surface 123a of pole piece 
1 23, and/or planar south pole surface 424d can spatially face planar inner surface 123a of 

20 pole piece 123. 

Still referring to FIGS. 23A-23C, magnetic rotational position sensor 520 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 18 as previously described in 
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connection with FIGS. 8A and 8B and accompanying text Hall effect device 18 is 
disposed within working air gap area 12 le, and Hall effect device 1 18 is disposed within 
working air gap area 121f. It is to be appreciated that Hall effect device 18 and Hall 
effect device 1 18 are operable to sense a different magnitude of magnetic flux density, 

s respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axis RA over a definable range of rotation upward to 170 degrees* It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axis RA of a definable range of rotation upward to 170 degrees* Hall 
effect device 18 and Hall effect device 118 are operable to generate a voltage sensing 

10 signal as a function of the magnetic flux density of the magnetic flux passing through 
planar side surface 18a and planar side surface 1 18a, respectively, and/or a voltage 
sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b and planar side surface 1 18b, respectively. 

Referring to FIGS. 24A-24C, a magnetic rotational position sensor 620 is shown. 

1 5 Magnetic rotational position sensor 620 comprises loop pole piece 121 as previously 
described herein in connection with FIGS. 22A and 22B and accompanying text 
Magnetic rotational position sensor 620 further comprises magnet 524 and magnet 624. 
Magnet 524 is a permanent magnet having a convex north pole surface 524a, and a planar 
south pole surface 524b to generate magnetic flux (not shown). Prior to an assembly of 

20 magnetic rotational position sensor 620, the magnetic flux within magnet 524 is 
rectilineaiiy magnetized from planar south pole surface 524b to convex north pole 
surface 524a as exemplary shown by the arrows in FIGS. 24A and 24B. Magnet 524 is 
disposed within air gap area 12 la with convex noith pole surface 524a facing concave 
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inner surface 122a of pole piece 122, and planar south pole surface 524b facing planar 
inner surface 123a of pole piece 123 to enclose the magnetic flux from magnet 524 
within loop pole piece 121, and as a result, a magnetic field is established throughout air 
gap area 121a. Convex north pole surface 524a spatially faces concave inner surface 
5 122a of pole piece 122 to define a working air gap area 121g having a circular arcuate 
configuration therebetween, and planar south pole surface 524b spatially faces planar 
inner surface 123a of pole piece 123 to provide an additional spacing within air gap area 
121a. 

Still referring to FIGS. 24A-24C, magnet 624 is a permanent magnet having a 
10 convex north pole surface 624a, and a planar south pole surface 624b to generate 

magnetic flux (not shown). Prior to an assembly of magnetic rotational position sensor 
620, the magnetic flux within magnet 624 is rectilinearly magnetized from planar south 
pole surface 624b to convex north pole surface 624a as exemplary shown by the arrows 
in FIGS. 24A and 24B. Magnet 624 is disposed within air gap area 121b with convex 
15 north pole surface 624a facing concave inner surface 125a of pole piece 125, and planar 
south pole surface 624b facing planar inner surface 123b of pole piece 123 to enclose the 
magnetic flux from magnet 624 within loop pole piece 121, and as a result, a magnetic 
field is established throughout air gap area 121b. Convex north pole surface 624a 
spatially faces concave inner surface 125a of pole piece 125 to define a working air gap 
20 area 12 lh having a circular arcuate configuration therebetween, and planar south pole 
surface 624b spatially faces planar inner surface 123b of pole piece 123 to provide an 
additional spacing within air gap area 121b. 
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Still referring to FIGS. 24A-24C, magnetic rotational position sensor 620 further 
comprises Hall effect device 18 as previously described herein in connection with FIGS. 
1 A and IB and accompanying text, and Hall effect device 1 18 as previously described in 
connection with FIGS. 8A and 8B and accompanying text Hall effect device 18 is 

5 disposed within working air gap area 121 g, and Hall effect device 1 18 is disposed within 
working air gap area 121h. It is to be appreciated that Hall effect device 18 and Hall 
effect device 118 are operable to sense a different magnitude of magnetic flux density, 
respectively, for each degree of synchronized rotation of the magnetic field about 
rotational axis RA over a definable range of rotation upward to 170 degrees. It is to be 

10 further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axis RA of a definable range of rotation upward to 170 degrees, Hal) 
effect device 1 8 and Hall effect device 1 18 are operable to generate a voltage sensing 
signal as a function of the magnetic flux density of the magnetic flux passing through 
planar side surface 18a and planar side surface 1 18a, respectively, and/or a voltage 

is sensing signal as a function of the magnetic flux density of the magnetic flux passing 
through planar side surface 18b and planar side surface 118b, respectively. 

Referring to FIGS. 25A-25C, a magnetic rotational position sensor 30 is shown. 
Magnetic rotational position sensor 30 comprises a loop pole piece 31, a magnet 35, a 
magnet 135, an optional auxiliary pole piece 34, and Hall effect device 18 as previously 

20 described in connection with FIGS. 1 A and IB and accompanying text. Loop pole piece 
31 includes a circular arcuate pole piece 32, and a circular arcuate pole piece 33 serially 
adjoined in a closed configuration to define an air gap area 31a. Preferably, pole piece 32 
and pole piece 33 are unitarily fabricated from a ferromagnetic steel, e.g. a low carbon 
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steel Pole piece 32 and pole piece 33 concentrically align with rotational axis RA as best 
shown in FIG. 25C f and concave inner surface 32a of pole piece 32 and a concave inner 
surface 33a of pole piece 33 are swept out by the outer end of a radius having its opposite 
end located on rotational axis RA and that extends ciicumferentiaUy over approximately 

5 180 degrees to facilitate a rotation of loop pole piece 31 about rotational axis RA over a 
definable range of rotation upward to 360 degrees. 

Still referring to HQS. 2SA-25C, magnet 35 is a permanent magnet having a 
convex north pole surface 35a, a concave south pole surface 35b t a planar south pole 
surface 35c, and a planar south pole surface 35d to generate magnetic flux (not shown). 

io Magnet 135 is also a permanent magnet having a convex south pole surface 135a, a 
concave north pole surface 135b, a planar north pole surface 135c, and a planar north 
pole surface 135d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 30 v the magnetic flux within magnet 35 is 
rtctilinearly magnetized from south pole surfaces 35b-35d to convex north pole surface 

IS 35a, and the magnetic flux within magnet 135 is rectilinearly magnetized from convex 
south pole surface 135a to north pole surfaces 135b*135d as exemplary shown by the 
arrows in FIGS. 25A and 25B. Magnet 35, magnet 135, and auxiliary pole piece 34 are 
disposed within air gap area 3 la of loop pole piece 3 1 with convex north pole surface 35a 
of magnet 35 facing concave inner surface 32a of pole piece 32, convex south pole 

20 surface 135a of magnet 135 facing concave inner surface 33a of pole piece 33, concave 
south pole surface 35b of magnet 35 adjacently facing convex outer surface 34a of 
auxiliary pole piece 34, concave north pole surface 135b of magnet 135 adjacently facing 
convex outer surface 34b of auxiliary pole piece 34. planar south pole surface 35c of 
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magnet 35 adjacently facing planar north pole surface 133d of magnet 135, and planar 
south pole surface 35d of magnet 35 adjacently facing planar north pole surface 135c of 
magnet 1 35 to enclose the magnetic flux from magnet 35 and the magnetic Mux from 
magnet 135 within loop pole piece 3 1, and as a result, a magnetic field is established 
5 throughout air gap area 31a as exemplary shown in FIGS. 27A-27C. Convex north pole 
surface 35a of magnet 35 spatially faces concave inner surface 32a of pole piece 32 to 
define a working air gap area 31b having a circular arcuate configuration therebetween, 
and convex south pole surface 135a of magnet 135 spatially faces concave inner surface 
33a of pole piece 33 to define a working air gap area 3 lc having a circular arcuate 

10 configuration therebetween. Alternatively, the present invention contemplates that 

concave south pole surface 35b of magnet 35 spatially faces convex outer surface 34a of 
auxiliary pole piece 34, concave north pole surface 135b of magnet 135 spatially faces 
convex outer surface 34b of auxiliary pole piece 34, planar south pole surface 35c of 
magnet 35 spatially faces planar norm pole surface 135d of magnet 135, and/or planar 

IS south pole surface 35d of magnet 35 spatially faces planar north pole surface 135c of 
magnet 135. In addition, the present invention contemplates that magnet 35 and magnet 
135 can be unitarily fabricated to constitute a single magnet, e.g. a loop magnet. The 
present invention further contemplates mat a ferromagnetic control shaft (not shown) 
may replace auxiliary pole piece 34 when auxiliary pole piece 34 is excluded from an 

20 embodiment of magnetic rotational position sensor 30. 

Still referring to FIGS. 25A-25C, Hall effect device 18 is disposed in air gap area 
31a and locatable within contiguous working air gap area 31b and working air gap area 
31c. It is to be appreciated chat Hall effect device 18 is operable to sense a magnetic flux 
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density of any magnetic flux passing through Hal) effect device 18 via a planar side 
surface 18a and a planar side surface 18b of Hall effect device 18. Hall effect device 18 
is further operable to generate a voltage sensing signal as a function of the magnetic flux 
density of any magnetic flux passing through planar side surface 18a and/or a voltage 

s sensing signal as a function of the magnetic flux density of any magnetic flux passing 
through planar side surface 18b. The present invention contemplates that a second Hall 
effect device, e.g. Hall effect device 1 1 8 (FIGS. 8 A and 8B) can be disposed within air 
gap area 3 la and loanable within working air gap area 3 lb and working air gap area 3 lc. 
Accordingly, the second Hall effect device 1 18 would be offset from Hall effect device 

10 18, e.g. a ninety (90) degree phase shift 

Referring to FIGS. 26A and 26B, an exemplary adjoining of magnetic rotational 
position sensor 30 to cylindrical control shaft 1 (being made from a ferromagnetic 
material) is shown. Magnetic rotational position sensor 30 is assembled as previously 
described in connection with FIGS. 25A-25C and accompanying text within a container 

IS 6. A lid 7 is adjoined to container 6 to house pole piece 31, and a cover 8 is adjoined to 
magnet 35, magnet 135, and auxiliary pole piece 34. Container 6, and lid 7 are adjoined 
to outer surface la of cylindrical control shaft I to adjoin loop pole piece 31. magnet 35, 
magnet 135, and auxiliary pole piece 34 to cylindrical control shaft 1 and to coincide 
rotational axis RA (FIG. 25C) with a longitudinal axis LA of cylindrical control shaft L 

20 It is to be appreciated that loop pole loop pole piece 31, magnet 35. magnet 135, and 
auxiliary pole piece 34 will synchronously rotate about coinciding rotational axes LA/RA 
as cylindrical control shaft 1 is rotated about coinciding rotational axes LA/RA, and as a 
result, each degree of rotation of cylindrical control shaft 1 about coinciding rotational 
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axes LA/RA exclusively corresponds to a distinct degree of synchronized rotation of the 
magnetic field(s) (not shown) established throughout air gap area 31a (FIGS. 25A and 
2SB) about coinciding rotational axes LA/RA over a definable range of rotation upward 
to 360 degrees. 

5 Referring to FIGS. 27 A-27C, diagrammatic illustrations of loop pole piece 3 1 , 

magnet 35, magnet 135, auxiliary pole piece 34. and a magnetic field synchronously 
rotating with cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 
definable range of rotation upward to 360 degrees is shown. To sense each degree of 
rotation of cylindrical control shaft 1 about coinciding rotational axes LA/RA over a 360 

10 degree range of rotation, it is to be appreciated mat the magnetic flux density of any 
magnetic flux passing through Hall effect device 18 via planar side surface 18a (FIG. 
2SA) and planar side surface 18b (FIG. 25B) must be different for each diametric degree 
of synchronized rotation of the magnetic field about coinciding rotational axes LA/RA. 
As previously described herein, the magnetic flux within magnet 35 from south pole 

IS surfaces 35b-35d (HO. 25B) to convex north pole surface 35a (FIG. 25A) and the magnet 
flux within magnet 135 is rectilinearly magnetized from convex south pole surface 135a 
(FIO. 25A) to north pole surfaces 135b-135d (FIG. 25B) prior to the assembly of 
magnetic rotational position sensor 30. Upon the disposal of magnet 35, magnet 1 35, and 
auxiliary pole piece 34 within loop pole piece 31. the arcuate configurations of working 

20 air gap area 31b and working air gap area 31c realign the magnetization of the magnetic 
flux within magnet 35 and magnet 135 as exemplary shown in FIGS. 27A-27C to 
facilitate a sensing of a different magnitude of magnetic flux density by Hall effect device 
18 for each diametric degree of synchronized rotation of the magnetic field about 
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coinciding rotational axes LA/R A as evidenced by the positioning of Hall effect device 
18 throughout working air gap area 31b along a radial path RP radially extending from 
coinciding rotational axes LA/RA. The arcuate configurations of working air gap area 
3 lb and working air gap area 31c are circular to facilitate a symmetrical balancing of the 

5 magnetic flux of the magnetic field throughout air gap area 31a as shown in FIGS. 27 A- 
27C Planar side surface 1 8a and planar side surface 18b of Hall effect device 18 arc 
perpendicular to concave inner surface 32a (FIGS. 2SA and IB) of pole pine 32 and to 
convex north pole surface 35a (FIG. 25B) of magnet 35 when located within working air 
gap area 31b and ait perpendicular to concave inner surface 33a (FIGS. 25A and IB) of 

10 pole piece 32 and to convex south pole surface 1 35a (FIG. 2SA) of magnet 135 when 
located within working air gap area 31c as loop pole piece 31, magnet 35, magnet 135, 
and auxiliary pole piece 134 are synchronously rotated about coinciding rotational axes 
LA/RA to facilitate a uniform differential of the magnetic flux pasting through Hall 
effect device 18 for each diametric degree of synchronized rotation of control shaft 1 and 

13 the magnetic field about coinciding rotational axes LA/RA over a 360 degree range of 
rotation within working air gap area 3 lb and within working air gap area 31c. 

Thus, it is to be appreciated that Hail effect device 18 is operable to sense a 
different magnitude of magnetic flux density for each diametric degree of synchronized 
rotation of control shaft 1 and the magnetic field about coinciding rotational axes LA/RA 

20 over a 360 degree range of rotation. It is to be further appreciated that, for each diametric 
degree of synchronized rotation of control shaft 1 and the magnetic field about coinciding 
rotational axes LA/RA over a 360 degree range of rotation, Hall effect device 18 is 
operable to generate a voltage sensing signal V$si as a function of the magnetic flux 
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density of the magnetic flux passing through planar side surface 18a as shown in FIG. 
27D and/or a voltage sensing signal V$$i as a function of the magnetic flux density of the 
magnetic flux passing through planar side surface 18b as shown in HO. 27D, 

Referring to FIGS. 28A*28C ft a magnetic rotational position sensor 130 is shown. 

5 Magnetic rotational position sensor 130 comprises loop pole piece 31, magnet 35, magnet 
133* and optional auxiliary pole piece 34 as previously described in connection with 
FIGS* 25A*25C-and accompanying text Magnetic rotational position sensor 130 further 
comprises a magnet 235, and a magnet 335. Magnet 235 is a permanent magnet having a 
convex north pole surface 235a, a concave south pole surface 235b, a planar south pole 

10 surface 235c, and a planar south pole surface 235d to generate magnetic flux (not shown). 
Magnet 335 is also a permanent magnet having a convex south pole surface 335a t a 
concave north pole surface 335b, a planar north pole surface 335c, and a planar north 
pole surface 335d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 130, the magnetic flux within magnet 235 is 

}5 rectilinearly magnetized from south pole surfaces 235b-235d to convex north pole 
surface 235a, and the magnetic flux within niajpiet 335 is rectilinearly magnetized from 
convex south pole surface 335a to north pole surfaces 33Sb-335d as exemplary shown by 
the arrows in FIGS. 28A and 28B, Magnet 235 and magnet 335 are disposed within air 
gap area 31a of loop pole piece 31 with convex north pole surface 235a of magnet 235 

20 adjacently facing concave inner surface 32a of pole piece 32, convex south pole surface 
335a of magnet 335 adjacently facing concave inner surface 33a of pole piece 33, 
concave south pole surface 235b of magnet 235 facing convex north pole surface 35a of 
magnet 35, concave north pole surface 335b of magnet 335 facing convex south pole 
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surface 135a of magnet 13S. planar south pole surface 235c of magnet 23S adjacently 
facing planar north pole surface 335d of magnet 335, and planar south pole surface 235d 
of magnet 235 adjacently facing planar north pole surface 335c of magnet 335 to enclose 
the magnetic flux from magnet 235 and the magnetic flux from magnet 335 within loop 
s pole piece 3 1 . and as a result, a magnetic field is established throughout air gap area 3 1 a. 
Concave south pole surface 235b of magnet 235 spatially faces convex north pole surface 
35a of magnet 35 to define a working air gap area 3 Id having a circular arcuate 
configuration therebetween, and concave north pole surface 335b of magnet 335 spatially 
faces convex south pole surface 135a of magnet 135 to define a working air gap area 3 le 

10 having a circular arcuate configuration therebetween. Alternatively, die present invention 
contemplates that planar south pole surface 235c of magnet 235 spatially face planar 
north pole surface 335d of magnet 335. and planar south pole surface 235d of magnet 235 
spatially faces planar north pole surface 335c of magnet 335. In addition, the present 
invention contemplates magnet 235 and magnet 33S can be unitarily fabricated to 

15 constitute a single magnet. 

Still referring to FIGS. 28A-28C Hall effect device 18 is disposed in air gap area 
3 1 a and locatable within contiguous working air gap area 3 Id and working air gap area 
3 le. It is to be appreciated that Hall effect device 18 is operable to sense a different 
magnitude of magnetic flux density for each diametric degree of synchronized rotation of 

20 the magnetic Held about rotational axis RA over a 360 range of rotation. It is to be 
further appreciated that, for each degree of synchronized rotation of the magnetic field 
about rotational axis RA over the 360 degree range of rotation. Hall effect device 18 is 
operable to generate a voltage sensing signal as a function of the magnetic flux density of 
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the magnetic flux passing through planar side surface 18a and/or a voltage sensing signal 
as a function of the magnetic flux density of the magnetic flux passing through planar 
side surface 18b. 

Referring to FIGS. 29A-29C, a magnetic rotational position sensor 230 is shown, 
s Magnetic rotational position sensor 230 comprises loop pole piece 31 , magnet 35, magnet 
135, and optional auxiliary pole piece 34 as previously described In connection with 
FIGS. 25A-25C and accompanying text Magnetic rotational position sensor 230 further 
comprises a magnet 435, and a magnet 535. Magnet 435 is a permanent magnet having a 
convex north pole surface 435a, a concave south pole surface 435b, a planar south pole 

10 surface 435c, and a planar south pole surface 435d to generate magnetic flux (not shown). 
Magnet 535 is also a permanent magnet having a convex south pole surface 535a, a 
concave north pole surface 535b, a planar norm pole surface 535c, and a planar north 
pole surface 535d to generate magnetic flux (not shown). Prior to an assembly of 
magnetic rotational position sensor 230, the magnetic flux within magnet 435 is 

1$ rectilinearly magnetized from south pole surfaces 435b-435d to convex north pole 
surface 435a, and the magnetic flux within magnet 535 is rectilinearly magnetized from 
convex south pole surface 535a to north pole surfaces 535b-535d as exemplary shown by 
the arrows in FIGS. 29A and 29B. Magnet 435, and magnet 535 are disposed within air 
gap area 3 la of loop pole piece 31 with convex north pole surface 435a of magnet 435 

20 facing concave inner surface 32a of pole piece 32, convex south pole surface 535a of 
magnet 535 facing concave inner surface 33a of pole piece 33, concave south pole 
surface 435b of magnet 435 facing convex north pole surface 35a of magnet 35, concave 
north pole surface 535b of magnet 535 facing convex south pole surface 135a of magnet 
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135. planar south pole surface 435c of magnet 433 adjacently facing planar north pole 
surface 535d of magnet 53S, and planar south pole surface 435d of magnet 43S 
adjacently facing planar north pole surface 535c of magnet 535 to enclose the magnetic 
flux from magnet 435 and the magnetic flux from magnet S3S within loop pole piece 31. 
5 and as a result, a magnetic field is established throughout air gap area 31a. Concave 
south pole surface 435b of magnet 433 spatially faces convex north pole surface 35a of 
magnet 35 to define' a working air gap area 31g having a circular arcuate configuration 
therebetween, concave north pole surface 535b of magnet 335 spatially faces convex 
south pole surface 135a of magnet 135 to define a working air gap area 31h having a 

to circular arcuate configuration therebetween, convex north pole surface 435a of magnet 
435 spatially faces concave inner surface 32a of pole piece 32 to define a working air gap 
area 3 If having a circular arcuate configuration therebetween, and convex south pole 
surface 535a of magnet 535 spatially faces concave inner surface 33a of pole piece 33 to 
define a working air gap area 31i having a circular arcuate configuration therebetween. 

is Alternatively, the present invention contemplates that planar south pole surface 435c of 
magnet 435 spatially faces planar north pole surface 535d of magnet 535, and planar 
south pole surface 435d of magnet 435 spatially faces planar north pole surface 535c. m 
addition, the present invention contemplates that magnet 435 and magnet 535 can be 
unitarily fabricated to constitute a single magnet 

20 Still referring to FIGS. 29A-29C, Hall effect device 18 is disposed within air gap 

area 31a and locatabte within working air gap area 3 If and working air gap area 3 li. Hall 
effect device 1 18 is disposed within air gap area 31a and locatable within working air gap 
area 31g and working air gap area 31 h. It is to be appreciated that Hall effect device 18 
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and Hall effect device 1 18 are operable to sense a different magnitude of magnetic flux 
density, respectively, for each diametric degree of synchronized rotation of the magnetic 
field about rotational axis RA over a 360 degree range of rotation. It is to be further 
appreciated that, for each degree of synchronized rotation of the magnetic field about 
5 rotational axis RA over a 360 degree range of rotation, Ball effect device 1 8 and Hall 
effect device 1 18 are operable to generate a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18a and 
planar side surface .1 1 8a, respectively, and/or a voltage sensing signal as a function of the 
magnetic flux density of the magnetic flux passing through planar side surface 18b and 

10 planar side surface 1 18b, respectively. 

White the present invention has been illustrated and described in detail in the 
drawings and foregoing description, the same is to be considered as illustrative and not 
restrictive in character, it being understood that the preferred embodiments have been 
shown and described and that all changes and modifications that come within the spirit of 

IS the invention are desired to be protected. 


70 


